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EXECUTIVE  SUMMARY 


The  objective  of  the  "DS2  Container  and  Weatherproofing  Study" 
is  to  identify  and  recommend  candidate  materials,  methods  and 
containers  capable  of  withstanding  common  DS2  storage  conditions. 
This  effort  is  in  support  of  the  U.S.  Army's  program  to  identify 
improved  methods  for  containerization  and  protection  from  the 
environment  for  DS2  in  long-term  storage. 

Efforts  under  this  task  identified  and  conducted  a  preliminary 
assessment  of  materials,  containers  and  methods  used  in  industry 
for  handling  and  storing  highly  corrosive  liquids.  Materials  and 
methods  for  coating  and  weatherproofing  steel  containers  also  have 
been  examined.  In  accomplishing  these  reviews  nearly  100  private 
sector  firms  were  surveyed.  Firms  in  hazardous  material  handling, 
container  manufacturing,  and  coating  and  weatherproofing  were 
contacted  to  determine  the  state  of  current  technology  in  these 
areas . 

Key  findings  in  the  study  are: 

•  Under  current  requirements  of  the  Resource  Conservation 
and  Recovery  Act,  the  method  and  times  for  storage  of 
hazardous  materials  are  limited  to  90  days  for  waste 
generators  and  one  year  for  storage  and  disposal  sites. 
Hence,  long-term  storage  techniques  are  not  addressed. 

•  Non-burnable  hazardous  wastes  stored  in  landfills  are 
not  contained  in  a  manner  that  ensures  corrosion 
resistance.  Landfills  are  constructed  with  impermeable 
polyethylene  liners  to  prevent  contaminants  from  leaking 
outside  the  landfill.  These  landfills  are  also  designed 
to  drain  any  liquid  leachate  into  a  sump  for  recovery  and 
incineration.  Thus,  a  certain  amount  of  container 
seepage  over  time  is  viewed  as  beneficial  in  reducing  the 
overall  hazard  of  the  landfill. 

•  A  range  of  potential  alternatives  for  improving  DS2 
containers  were  developed  from  the  surveys.  These 
include: 

The  use  of  stainless  steel  containers 

Use  of  cold-rolled  steel  with  an  inner  liner  of 
selected  polymers 

Use  of  one  of  selected  polymers 

Use  of  shrink-wrap  overpack  on  the  container 

Substitute  silver  solder  for  the  currently  used  lead 
solder 


111 


From  the  study  findings,  a  preliminary  range  of 
recommendations  has  been  developed.  These  recommendations  are 
nominally  rank  ordered  based  solely  on  technical  feasibility. 

•  Package  DS2  in  stainless  steel  containers 

•  Use  silver  solder  for  the  end  closures 

•  Use  a  shrink-wrap  overpack 

•  Make  a  container  from  a  compatible  polymer 

•  Apply  an  internal  polymer  liner  to  the  current  container 
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PREFACE 


The  work  described  in  this  report  was  authorized  under  Contract 
NO.0AAA15-87-D-0021 ,  Task  089.  This  work  was  started  in  January  1990  and 
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The  use  of  trade  names  or  manufacturers'  names  in  this  report  does 
not  constitute  an  official  endorsement  of  any  commercial  products.  This  report 
may  not  be  cited  for  purposes  of  advertisement. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited 
except  with  permission  of  the  Commander,  U.S.  Army  Chemical  Research, 

Development  and  Engineering  Center,  ATTN:  SMCCR-SPS-T,  Aberdeen  Proving  Ground, 
MD  21010-5423.  However,  the  Defense  Technical  Information  Center  and  the 
National  Technical  Information  Service  are  authorized  to  reproduce  the  document 
for  U.S.  Government  purposes. 

This  report  has  been  approved  for  release  to  the  public. 
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DS2  CONTAINER  AND  WEATHERPROOFING  STUDY 


1.  BACKGROUND 

DS2  is  the  standard  chemical  agent  decontaminant  for  the  U.S. 
Army.  DS2  is  a  homogeneous  mixture  of  Diethylenetriamine  (69- 
71%),  sodium  hydroxide  (1. 9-2.1%)  and  ethylene  glycol 
monomethylether  (methyl  cellosolve)  (remainder) .  This  mixture  is 
corrosive  to  some  materials,  and  can  cause  softening  of  plastics 
and  paints.  DS2  is  packed  in  steel  containers  of  three  sizes  (Ref. 
1): 

•  1-1/3  quart  refills  for  the  Mil  Decontaminating  Apparatus 

•  14-liter  (3.7  gallons)  punch-seal  containers  for  the  M13 
Decontaminating  Apparatus 

•  5-gallon  pail  for  bulk  decontamination  operations 

There  have  been  a  number  of  reports  from  depots  and  field 
storage  sites  of  leaking  and/or  corroded  DS2  containers.  A 
reasonable  initial  assumption  would  be  that  the  caustic  contents 
were  finding  vulnerable  points  in  the  container  and  corroding  from 
the  inside  out.  However,  previous  investigations  have  determined 
that  the  leakage  is  more  often  caused  by  prolonged  environmental 
exposure  of  the  welds  or  solder  closures  at  the  lap  joints  and  end 
caps  of  the  containers. 

The  result  of  this  corrosion  on  the  container  is  an  eventual 
loss  of  seal  integrity,  which  allows  air  to  enter  the  can,  and  DS2 
to  subsequently  seep  out.  The  contents  of  the  container  may 
polymerize,  resulting  in  a  useless  gel.  Seepage  of  the  contents 
may  present  an  environmental  and  health  hazard  because  of  the 
corrosive  and  toxic  nature  of  DS2 .  In  either  case,  the  container 
and  its  contents  must  be  properly  disposed  of  and  replaced,  thereby 
increasing  the  life  cycle  cost  of  maintaining  the  necessary  wartime 
stockpile  levels  of  DS2  material. 

2.  OBJECTIVE,  PURPOSE  AND  SCOPE 
2 . 1  OBJECTIVE 

The  overall  objective  of  this  task  is  to  identify  and 
recommend  candidate  materials,  methods  and  containers  able  to 
withstand  common  DS2  storage  conditions.  In  support  of  this 
objective,  the  task  requires  the  determination  of  materials, 
containers  and  methods  used  in  the  hazardous  waste  industry  for 
handling  and  storing  highly  corrosive  liquids.  In  direct  response 
to  current  DS2  packaging,  the  study  is  also  to  determine  materials 
and  methods  used  in  industry  for  coating  and  weatherproofing  steel 
containers. 
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2.2  PURPOSE  AMD  SCOPE 


The  purpose  of  the  study  is  to  develop  data  to  support  the 
U.S.  Army  in  defining  alternative  approaches  to  the  packaging  of 
DS2  in  order  to  eliminate  the  causes  of  current  container  leakage 
problems.  Through  this  study,  the  Government  will  be  able  to 
identify  and  solicit  information  from  private  sector  companies 
which  might  contribute  to  the  updating  of  the  DS2  packaging 
technical  data  package  (TDP) . 

The  scope  of  the  task  includes  contacting  hazardous  .aaterials, 
plastics,  and  weatherproofing  firms  to  obtain  information  on 
containerization  and  weatherproofing  materials  and  methods.  At 
least  50  companies  will  be  surveyed,  with  no  geographic 
restrictions.  Companies  will  represent  a  range  of  sizes,  based  on 
annual  revenues. 

3.  PROCEDURE  FOR  STUDY 

3 . 1  SURVEY  QUESTIONNAIRE 

The  first  portion  of  the  task  was  to  develop  a  questionnaire 
for  use  as  a  framework  for  discussions.  The  questionnaire  was 
submitted  to  the  Government  for  comments  and  approval.  The  final 
questionnaire  is  presented  as  Figure  1. 

3.2  COMPILATION  OF  THE  ADDRESS  LISTS 

Concurrent  with  questionnaire  preparation  and  Government 
approval,  the  task  team  compiled  a  list  of  99  addresses  of 
companies  identified  as  hazardous  waste  handlers,  container 
manufacturers,  or  anti-corrosion  coating  suppliers.  The  task  team 
used  the  Thomas  Business  Register,  1989  edition,  as  the  primary 
source,  and  extracted  the  companies  deemed  most  likely,  from  the 
limited  descriptions  of  capabilities,  to  be  in  the  field  of 
interest.  From  an  initial  list  of  more  than  500  companies,  the 
final  mailing  list  of  99  companies  was  complied.  A  list  of  the 
companies  contacted  is  presented  in  Appendix  A. 

3.3  CONTACTS  WITH  COMPANIES 

Each  of  these  companies  was  mailed  a  survey  questionnaire,  and 
then  was  contacted  by  telephone.  The  initial  telephone  contact 
served  to  establish  a  point-of -contact  (POC)  by  name  and  as  a  means 
to  schedule  a  follow-up  call  for  further  information  gathering 
after  the  POC  had  a  chance  to  review  the  survey  questionnaire. 
Subsequent  contact (s)  were  used  to  complete  the  data  gathering 
task. 
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I.  General  Information 

A.  Corporate  Identification 

1.  Name  of  Company 

2.  Address  of  Company  Headquarters 

B.  Corporate  Description 

1.  Approximate  Annual  Gross  Sales 

2.  Number  of  Personnel 

3 .  Has  your  company  produced  containers  conforming 
to  Government  specifications? 

4.  If  your  company  purchases  the  containers  used, 
rather  than  making  your  own,  please  list  the 
suppliers. 

II.  Containers 

1.  Does  your  firm  handle  corrosive/alkaline  hazardous 
wastes/materials?  What  specific  materials  do  you 
handle? 

2.  If  yes,  what  Standing  Operating  Procedures  or 
regulations  are  followed  in  your  handling  and 
disposal? 

3.  What  types  of  containers  do  you  use  for  corrosive 
wastes? 

4.  What  material (s)  are  they  made  of,  what 
gauge/thickness  is  the  material,  and  what  sizes  do 
the  containers  come  in? 

5.  By  what  raethods/materials  are  the  containers 
fabricated  and  sealed? 

6.  a.  How  long  are  the  materials  stored  in  the 

container? 

b.  What  effects  do  the  corrosive  materials  have 
on  the  containers? 


Figure  1 

Hazardous /Corrosive  Material  container  Questionnaire 
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7.  What  are  the  environmental  conditions  under  which 
the  materials  are  stored? 

8.  Are  the  filled  and  sealed  containers  readily 
transportable?  Can  they  be  subjected  to  rough 
handling?  (IAW  Military  Specifications) .  With  which 
military  specifications,  if  any,  do  they  comply? 

9.  What  are  examples  of  materials  stored  in  these 
containers? 

10.  What  type(s)  of  labeling  do  you  use  on  your 
containers?  How  is  it  applied  (printed  labels, 
stenciling,  silk  screening,  etc.)? 

11.  Would  you  prefer  to  use  another  method  to  label  the 
containers?  If  so,  what  type? 

12.  Are  the  containers  you  presently  use  considered 
superior  to  those  generally  used  in  industry  today? 

13.  If  you  do  not  manufacture  your  own  containers,  skip 
to  Section  IV. 

III.  Container  Manufacturers 

1.  Do  you  make  containers  from  carbon  steel?  What 
gauge  carbon  steel?  What  are  the  available 
capacities? 

2.  How  do  you  seal  your  carbon  steel  containers?  If 
welded/soldered,  how  many  welds/solders? 

3.  What  other  materials  would  be  appropriate  for  DS2 
containers? 

4.  Can  you  make  containers  using  only  two  pieces 
(container  and  lid)  suitable  for  holding  DS2? 

5.  Do  you  apply  corrosion  resistant  coatings  to  your 
containers?  If  so,  what  types? 

6.  Are  test  samples  available?  Are  test  reports 
available? 

7.  Would  you  be  willing  to  fabricate  containers  for  the 
U.S.  Government?  Do  you  have  any  reservations  about 
dealing  with  the  Federal  Government? 


Figure  l  (Continued) 
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8.  Are  any  of  your  processes/materials  proprietary  in 
nature? 

9 .  Can  your  company  support  a  production  rate  of 
100,000  cans  per  year?  What  is  the  approximate  cost 
per  can  at  this  production  rate? 

IV.  Weatherproofing 

1.  What  type  of  materials/polymer  coatings  are  used  by 
your  company  to  weatherproof /preserve  products  in 
metal  containers  (e.g.,  spray  coatings,  dip 
coatings,  barrier  bags,  encapsulation)? 

2 .  Is  your  weatherproofing  method/material  transparent? 

3.  What  thickness  is  customarily  used? 

4.  Is  your  weatherproofing  method/material  easily 
applied?  What  equipment  is  required?  Under  what 
conditions  can  it  be  applied? 

5.  Can  your  company  support  weatherproofing  of 
containers  at  the  rate  of  100,000  cans  per  year? 
What  is  the  approximate  coating  cost  per  square  foot 
at  this  rate  of  production? 

6.  Are  test  samples,  products,  or  containers  available? 
Are  any  test  reports  available? 

7.  Can  you  apply  your  weatherproofing  method/material 
to  containers  which  we  provide?  Is  there  a  set  fee 
for  such  work? 

8.  Under  what  conditions  can  your  weatherproofing 
method/material  be  used? 

9.  Is  your  weatherproofing  method/material  compatible 
with  Chemical  Agent  Resistant  Coating  (CARC)  per 
MIL- STD-17 1?  Is  it  compatible  with  polyurethane 
based  coating  systems  in  general?  Is  it  compatible 
with  alkyd-based  coatings? 

10.  How  well  do  the  labels  placed  on  the  containers  hold 
up  under  weathering/ storage? 

11.  Are  the  materials  used  to  weatherproof  in  and  of 
themselves  considered  hazardous  material/waste? 


Figure  1  (Continued) 
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12.  Do  the  weatherproofing  materials  present  any  unusual 
safety  or  health  hazards/concerns? 

13.  Are  there  any  lessons  learned  about  storage  of 
corrosive/alkali  based  hazardous  wastes/materials 
which  you  can  recount? 

V.  General  Comments 


Figure  1  (Continued) 
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4.  RESULTS  OF  THE  SURVEY 

Due  to  the  contractual  requirement  to  contact  "not  less  than 
50  firms",  the  task  team  deliberately  canvassed  more  firms  than 
required.  Prior  experience  with  this  type  of  survey  indicated  that 
the  typical  response  rate  would  be  about  60%  of  the  firms  initially 
contacted.  Of  the  99  firms  selected  for  initial  contacts,  50  were 
eventually  dropped  from  further  consideration,  for  a  variety  of 
reasons . 

More  than  half  of  the  companies  selected  disqualified 
themselves,  stating  that  their  product  line  did  not  match  the  DS2 
container  requirements  or  that  they  had  no  desire  to  deal  with 
Government  contracts.  The  following  lists  the  various  reasons 
given  for  not  participating  in  the  survey: 

•  Product  line  does  not  match  the  requirements  for  DS2 
containers  (too  large,  too  small,  wrong  materials) 
(19  firms) 

•  Firms  improperly  identified  from  the  Thomas  Register 
(warehouses  for  containers,  nuclear  waste  container 
manufacturers,  air  pollution  mitigators) 

(5  firms) 

•  Businesses  with  no  desire  to  accept  Government  or 
military  contracts 

(2  firms) 

•  Dropped  hazardous  waste  handling  line  of  business 
(1  firm) 

•  Gone  out  of  business,  no  telephone  number  listed, 
or  moved  leaving  no  forwarding  address 

(9  firms) 

•  Did  not  respond  to  repeated  contacts  (14  firms) 

Many  companies  contacted  informed  the  task  team  that  they 
would  simply  use  containers  which  conformed  to  the  appropriate 
Department  of  Transportation  (DOT)  transportability  codes  for  the 
class  of  materials  into  which  DS2  falls.  From  the  Material  Safety 
Data  Sheet  (USDS) ,  DS2  was  identified  as  an  Alkaline  Corrosive 
Liquid,  N.O.S.,  which  is  covered  by  49  Code  of  Federal  Regulations 
(CFR)  173.249.  The  task  team  subsequently  contacted  the  Department 
of  Transportation  Research  and  Special  Program  Administration  (DOT- 
RSPA) ,  and  received  a  copy  of  the  applicable  paragraphs  in  49  CFR 
173  (Ref.  2)  and  packaging  instructions  809  and  813  for  air  and 
water  transportation.  These  extracts  are  attached  at  Appendix  B. 
These  companies  indicated  no  further  or  more  stringent  requirements 
were  necessary  for  their  purposes. 
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The  companies  contacted  were  nearly  unanimous  in  their 
surprise  that  they  were  contacted  concerning  long-term  storage  of 
caustic  and  hazardous  wastes.  Hazardous  waste  handling  companies, 
under  the  current  requirements  of  the  Resource  Conservation  and 
Recovery  Act  (RCRA)  ,  are  restricted  in  the  methods  and  time  for 
which  they  are  allowed  to  store  wastes  at  various  sites.  Transfer, 
Storage,  and  Disposal  (TSD)  sites  are  limited  to  one  year,  while 
hazardous  waste  generators  are  limited  to  90  days. 

Further,  most  of  the  companies  who  handle  and  store  hazardous 
waste  also  have  hazardous  waste  destruction  facilities,  most  often 
incinerators.  A  company  which  has  large  amounts  of  liquid  hazar¬ 
dous  waste  stored  on-site  is  not  operating  its  incinerator  effici¬ 
ently.  Long-term  storage  of  hazardous  wastes  for  these  companies 
is  measured  in  weeks  or  months,  rather  than  years  or  decades,  as 
is  required  for  DS2  storage.  For  this  reason,  most  hazardous  waste 
handlers  could  not  begin  to  suggest  proven  methods  for  weather¬ 
proofing  containers  beyond  painting  them  or  warehousing  them. 

Several  companies  contacted  had  landfill  facilities  for  long¬ 
term  storage  of  non-burnable  wastes.  Under  current  laws,  most  of 
these  wastes  are  solids,  often  contaminated  with  hazardous  liquids. 
When  queried  about  corrosion  protection,  the  response  was  usually 
that  corrosion  protection  of  the  containers  in  a  landfill  was 
rarely  considered. 

Modern  landfills  are  lined  with  thick  polyethylene  sheets, 
which  drain  any  liquid  seepage  to  a  sump,  where  pumps  remove  the 
liquid  for  subsequent  treatment.  Several  POCs  even  suggested  that 
some  corrosion  of  the  waste  drums  was  beneficial,  as  the  liquids 
which  seeped  into  the  sump  were  burnable,  but  not  ordinarily 
economically  recoverable,  hence  the  long-term  landfill  storage. 
Any  liquid  wastes  which  percolated  out  of  their  solid  matrix  and 
were  recovered  at  the  sump  could  be  pumped  into  drums  and  taken  to 
an  incinerator,  thereby  reducing  the  level  of  hazard  in  the 
landfill. 

Several  companies  were  reticent  to  give  "free  advice"  to  the 
Government,  but  would  be  quite  happy  to  sign  a  contract  to  develop 
a  container  which  would  meet  the  DS2  storage  requirements.  One 
individual  in  particular.  Dr.  Ahmed  of  CHEMAREX,  stated  that  he  had 
an  idea  which  his  experience  indicated  would  do  the  job.  He 
further  stated  that  he  had  a  number  of  potential  manufacturers 
lined  up  and  interested.  He  wanted,  however,  to  protect  his 
business  and  financial  interests,  and  would  not  reveal  his  idea  to 
the  task  team.  The  Project  Engineer  suggested  that  CHEMAREX  submit 
their  concept  to  the  Government  in  the  form  of  an  unsolicited 
proposal,  and  provided  them  with  the  name  and  address  of  the 
Contracting  Officer’s  Representative. 
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Those  companies  which  did  make  recommendations  for  improved 
containers  offered  the  following  techniques: 

•  Use  stainless  steel  for  the  container. 

•  Use  cold-rolled  steel  with  an  inner  liner  of: 

-  polyethylene 

-  epoxy/ epoxy-phenolic 

-  urethane 

•  Use  one  of  the  following  polymers: 

-  high-density  polyethylene  (HDPE) 
fluorinated  HDPE 

-  polypropylene 

-  po ly ether etherketone  (PEEK) 
fiberglass  composite 

-  other  fluorinated  polymers 

•  Use  a  shrink-wrap  over pack  on  the  can. 

•  Over  coat  the  paint  on  the  can  with: 

-  sprayable  elastomeric  coating  (urethane  or 
other) 

-  polyurethane  (currently  used) 

-  epoxy 

•  Change  from  lead  solder  to  silver  solder. 

5.  DISCUSSION  OF  FINDINGS  . 

5.1  8TAINLE88  STEEL 

Several  companies  recommended  the  use  of  stainless  steel  to 
manufacture  the  cans.  Stainless  steel  exhibits  excellent  corrosion 
resistance.  Stainless  steel  containers  are  made  by  many  firms  and 
are  widely  used  commercially.  Stainless  steel  is,  however,  four 
to  five  times  more  expensive  than  carbon  steel  or  cold-rolled  steel 
(One  firm  priced  carbon  steel  at  $0. 35/pound  and  stainless  at  $1.53 
per  pound,  or  4.4  times  the  cost  of  carbon  steel.)  While  this  may 
solve  the  long-term  storage  problem,  it  would  greatly  increase  the 
cost. 


5.2  LINED-STEEL  CANS 

Several  recommendations  for  cans  lined  or  coated  with  a 
chemical  resistant  polymer  were  made.  Polyethylene  liner  bags  are 
available  commercially,  but  may  not  be  useful  for  the  production 
of  DS2 .  Cans  coated  with  a  chemical  resistant  material,  such  as 
polyethylene,  polypropylene,  polyurethane,  or  epoxy/ epoxy-phenolic 
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materials  may  show  some  enhanced  resistance  to  corrosion  and 
leakage,  but  an  internal  barrier  would  not  solve  the  problem  of 
environmental  corrosion  of  the  seals. 

5.3  POLYMERIC  CONTAINERS  (Ref.  3) 

A  number  of  companies  suggested  the  use  of  polymeric 
containers  to  replace  the  current  materials.  The  polymer 
recommended  most  often  was  polyethylene,  but  polypropylene  and 
fiberglass  composites  were  also  mentioned.  Previous  studies  have 
indicated  that  DS2  is  indeed  compatible  with  polyethylene  and 
polypropylene,  but  that  polyethylene  begins  to  crack  and  seep  under 
long-term  high  temperature  storage.  Polypropylene  is  reported  to 
have  better  high-temperature  properties,  but  is  also  more  brittle, 
and  may  suffer  under  rough  handling.  (Ref.  4) 

One  polymer  specifically  suggested  by  the  Contracting 
Officer's  Representative  (COR)  was  po ly ether etherketone  (PEEK). 
PEEK  is  a  semicrystalline  aromatic  thermoplastic  which  is  reported 
to  be  quite  tough.  The  glass  transition  temperature  of  PEEK  is 
about  143°C  (289°F) ,  and  PEEK  has  a  particularly  high  fracture 
energy  of  about  500  J/m2.  (Ref.  5) 

PEEK  is  currently  produced  by  ICI  Advanced  Materials.  Contact 
with  representatives  from  ICI  indicates  that  PEEK  would  have  no 
problems  containing  sodium  hydroxide,  but  that  no  data  are 
available  for  the  other  two  components.  The  representative  was  not 
sure  that  PEEK  would  be  able  to  contain  DS2  for  the  length  of  time 
needed  for  the  required  shelf  life.  PEEK  shows  excellent  chemical 
resistance  to  glycols,  methanol,  ethanol,  diethylamine  and 
diethylether  in  short  term  testing  (seven  days  immersion  at  200°c 
(420°F) ) .  Longer  tests  have  not  been  conducted.  A  more  complete 
breakdown  of  the  characteristics  is  presented  at  Appendix  C. 
Samples  are  being  obtained  for  Government  testing. 

One  company  makes  containers  of  polyethylene  with  an  internal 
fluorocarbon  barrier  which  is  claimed  to  improve  polyethylene's 
chemical  resistance.  Samples  of  the  containers  were  obtained  for 
subsequent  Government  testing. 

Another  polymer  specifically  suggested  by  the  COR  for 
investigation  was  KYNAR  (polyvinylidene  fluoride,  PVF2)  .  KYNAR  is 
one  of  a  number  of  fluorinated  polymers  commercially  available, 
which  include  TEFLON  (polytetraf luoroethylene,  TFE) ,  KEL-F 
(polychlorotrif luoroethylene,  CTFE) ,  FEP  (a  copolymer  of  TFE  and 
hexaf luoropropylene)  and  HALAR  (a  copolymer  of  CTFE  and  ethylene) . 

TEFLON  is  the  most  chemically  resistant  plastic  commercially 
available  and  is  unaffected  by  acids  and  alkalies  (except  high 
temperature  fluorine  and  chlorine  gas,  and  molten  metals)  up  to 
50CTF  (260°C)  .  TEFLON,  however,  is  difficult  to  work  with, 
requiring  complicated  powder-metallurgy  techniques. 
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KEL-F  is  also  highly  chemical  resistant,  can  be  used  at 
temperatures  up  to  350°F  (180°C) ,  and  can  be  made  into  a  transparent 
film.  KEL-F  is  expensive  ($25-30  per  pound)  and  cannot  be  used  as 
a  shrink-wrap.  Further  information  is  presented  at  Appendix  D. 

FEP  is  similar  to  TFE,  in  that  it  has  good  chemical  resistance 
to  400°F  (200°C)  ,  and  the  advantage  that  it  can  be  extruded  on 
conventional  extrusion  equipment. 

KYNAR  is  reported  to  have  excellent  resistance  to  acids  and 
alkalines  up  to  300°F  (150°C)  and  can  be  extruded.  However,  KYNAR 
is  not  recommended  for  use  with  organic  amines.  (Ref.  6)  Further 
information  is  presented  at  Appendix  E. 

HALAR  also  has  good  chemical  resistance  up  to  300°F  (150°C)  and 
can  be  extruded. 

Another  compound  is  perf luoroalkoxy  (PFA) ,  which  has  similar 
properties  to  FEP  at  temperatures  approaching  600°F  (300°C)  . 

The  tables  in  Appendix  F  summarize  information  dealing  with 
commercially  available  polymers. 

5.4  FIBERGLASS  COMPOSITE  CONTAINERS 


Several  companies  contacted  recommended  the  use  of  fiberglass 
composite  containers  for  replacement  DS2  containers.  Fiberglass 
composites  consist  of  polymeric  matrices  reinforced  with  fibers  of 
various  types,  which  can  provide  a  wide  range  of  flow  properties, 
stiffness,  and  strength  (Ref.  7).  Fiberglass  is,  in  effect,  a 
generic  name,  as  fibrous  reinforcement  can  be  provided  by  a  wide 
variety  of  materials,  such  as  aramid  fibers,  carbon  whiskers,  and 
other  natural  and  artificial  fibers,  as  well  as  glass  filaments. 
One  form  of  glass,  C-glass,  based  on  a  soda-lime  borosilicate 
composition,  is  particularly  useful  because  of  its  extremely  high 
resistance  to  chemical  corrosion.  (Ref.  7) 

Matrix  selection  is  an  important  design  consideration  for 
fiberglass  composites.  Current  resin  (matrix)  chemistry  can 
accommodate  nearly  every  conceivable  product  application.  Common 
matrices  used  are  (Ref.  7) : 


•  Epoxy 

•  Polyester 

•  Phenolic 

•  Melamine 

•  Polyurethane 

•  Polyamide 


Polycarbonate 
Poly ether 
Polystyrene 
Polypropylene 
Polyethylene 

Poly (ethylene-co-vinyl  acetate) 
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Polyesters  are  some  of  the  most  common  matrices,  due  to  their 
adequate  resistance  to  water  and  chemicals,  weathering,  aging,  and 
low  cost.  Polyesters,  however,  can  only  withstand  temperatures  to 
about  80°C  (176°F).  (Ref.  5) 

Epoxy  matrices  are  more  expensive  than  polyesters,  but  have 
better  moisture  resistance  and  a  higher  useful  temperature  range. 
The  most  important  variety  of  epoxy  matrices  is  a  condensation 
product  of  epichlorohydrin  and  bisphenol  A.  (Ref.  5) 

An  important  problem  with  polymer  matrices  is  associated  with 
environmental  effects.  Polymers  can  degrade  at  moderately  high 
temperatures  and  through  moisture  absorption.  Moisture  absorption 
causes  swelling  and  can  lead  to  severe  internal  stresses.  (Ref.  5) 

The  following  table  presents  a  comparison  of  some  of  the  more 
common  fiberglass  materials.  (Ref.  8) 


Table  l.  Typical  properties— unreinforced  resin  casts 


5.5  EXTERNAL  COATINGS 

One  of  the  more  reasonable  approaches  mentioned  by  the 
industrial  POCs  was  the  use  of  a  shrink-wrap  overpackage  on  the 
current  DS2  cans.  Shrink-wrapping  has  the  advantages  of  simplicity 
and  low-cost,  but  may  have  limited  effectiveness.  Shrink-wrapping 
uses  polyethylene  films  which  are  loosely  wrapped  around  the 
container  and  then  are  heat-sealed  to  conform  to  the  package  at  a 
temperature  of  300°F  (150°C)  for  about  10  seconds  (6  mil 
polyethylene  film)  (Ref.  9).  A  thinner  film  might  be  a  viable 
option,  as  the  short  time  in  the  hot  oven  will  not  cause  enough 
heat  transfer  to  present  a  fire  or  explosion  risk  with  the  DS2 
(flashpoint  160°F)  . 
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The  major  drawbacks  of  shrink-wrapping  are  the  potential 
increases  in  cost  due  to  changes/additions  to  the  production  line, 
and  potentially  limited  effectiveness.  While  shrink-wrapping  is 
a  simple  task  and  is  amenable  to  incorporation  in  an  assembly  line, 
adding  the  process  to  the  production  line  represents  an  added  cost. 

As  with  any  external  weatherproofing  technique,  the 
effectiveness  of  shrink-wrapping  will  depend  on  the  treatment  of 
the  finished  package.  Any  weakness  in  an  external  coating  will 
allow  water  to  penetrate,  promoting  the  corrosion  of  active  sites, 
such  as  the  welds  or  solder  joints,  where  differing  metals  and 
alloys  can  undergo  galvanic  activity,  eventually  resulting  in 
penetration  and  loss  of  seal  integrity. 

Rough  handling  of  DS2  cans  already  has  resulted  in  a  history 
of  disruption  of  the  (older)  alkyd  enamel  and  (more  recently) 
polyurethane  camouflage  coatings,  leading  eventually  to  seepage  of 
the  DS2.  A  shrink-wrap  overpack  may  reduce  this  problem,  but  also 
may  not  solve  it.  Polyethylene  films  get  brittle  during  long-term 
environmental  exposure,  and  would  eventually  flake  off.  The 
potential  increase  in  shelf  life  of  the  DS2  container  may  offset 
the  additional  cost  of  producing  the  shrink-wrapped  containers,  and 
may  result  in  a  lower  life-cycle  cost,  but  the  task  team  is  unable 
to  quantify  any  cost-savings. 

One  company  suggested  the  use  of  a  spray able  elastomeric 
coating  over  the  current  paint.  The  formulation  could  be 
polyurethane-based  (one-component  or  multi-component)  or  based  on 
other  formulations.  A  spray able  elastomer  would  be  more  resistant 
to  damage  from  rough-handling  than  the  current  MILSPEC 
polyurethane-based  CARC,  which  tends  to  be  brittle.  Testing  would 
be  required  to  determine  compatible  overcoating  formulations. 

A  few  companies  indicated  that  a  second  coat  of  a  good  paint 
could  solve  the  problem.  Some  paints  recommended  were  epoxy  paints 
or  polyurethane  paints.  A  comparison  of  a  list  of  coatings  suitable 
for  atmospheric  service  (Ref.  10)  is  presented  at  Appendix  G. 
However,  since  the  containers  are  currently  painted  with  a  MILSPEC 
polyurethane  paint,  this  does  not  seem  to  offer  a  viable  solution. 
The  problem  starts  with  scratches  or  nicks  to  the  paint,  as 
previously  mentioned,  and  a  second  coat  of  paint  or  touch-up  paint 
would  not  be  highly  effective  in  preventing  corrosion  under  the 
typical  rough -hand ling  environment  to  which  the  containers  are 
subjected. 
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5.6  SOLDERS 


Most  cans  produced  commercially  are  sealed  with  a  Lead-Tin- 
Bismuth  solder.  These  solders  are  inexpensive  and  are  easily 
worked,  as  they  soften  in  the  260-375°F  range  (depending  on  the 
exact  composition) .  The  following  table  presents  data  on  these 
low-melting  point  solders  (Ref.  11) : 

Table  2.  Melting  Point  solders 
(From  N.B.S.  Circular  492) 


Nominal  Composition, 
Weight  Percent 


Liquids 

Temperature 


Pb 

Sn 

Bi 

25 

25 

50 

266 

50 

37.5 

12.5 

374 

25 

50 

25 

336 

One  POC  suggested  switching  from  the  commonly  used  low  melting 
point  solders  to  a  silver  solder.  Data  on  the  various  silver 
solders  is  presented  below  (Ref.  11): 

Table  3.  Brazing  Filler  Metals  (Solders) 


The  advantage  of  the  use  of  silver  solder  is  that  it  is  more 
"noble"  (less  reactive)  than  the  low  melting  point  solders,  and 
would  last  longer  under  environmental  exposure.  The  disadvantages 
are  the  increased  cost  (about  $0.10  of  solder  per  can  for  silver 
solder)  and  the  higher  working  temperature  required. 

The  requirement  for  a  higher  working  temperature  for  silver 
solder  could  pose  some  problems  on  the  production  line.  The  higher 
temperature  required  could  pose  a  greater  risk  of  flashing  the 
components  of  DS2.  However,  there  are  techniques  available  which 
provide  local  heating  quickly  enough  to  successfully  solder  the  can 
without  significantly  increasing  the  temperature  of  the  bulk  liquid 
for  the  larger  containers.  The  small  (1-1/3  quart)  container  will 
present  the  greatest  hazard.  Likewise,  the  heat  transferred  to  the 
container  will  increase  the  pressure  inside,  potentially  causing 
some  deformation  of  the  container,  especially  the  small  can. 

6.  CONCLUSIONS 

In  general,  contacting  hazardous  waste  management  companies 
was  not  useful  for  this  task.  Regulatory  strictures  prevent  the 
companies  from  storing  wastes  for  longer  than  one  year,  and 
economics  dictate  that  the  faster  the  incinerator  destroys  the 
liquid  wastes  the  quicker  the  company  realizes  a  return  on  its 
investment.  Storing  caustic  liquid  wastes  for  long  periods  just 
doesn't  make  sense. 

Federal  regulations,  issued  by  the  Department  of 
Transportation,  dictate  the  types  of  containers  to  be  used  for 
specific  chemicals  and  few,  if  any,  companies  in  the  U.S.  make  any 
improvements  to  these  DOT-specif ied  containers  beyond  painting 
them. 


Stainless  steel  was  frequently  recommended  as  the  best  option 
for  a  non-corroding  container.  Stainless  steel  would  be  able  to 
meet  all  the  rough-handling  and  storage  requirements  needed,  but 
would  be  expensive  for  use  as  a  disposable  can. 

Containers  made  from  a  variety  of  polymers  were  suggested  as 
replacements  for  carbon  steel  or  Terne  plate.  Polyethylene  and 
polypropylene  are  commonly  used  for  chemical  storage  and 
overpacking,  but  may  not  perform  well  over  the  longer  periods 
demanded  by  the  Army.  Fluor inated  polymers  may  be  useful,  and 
should  be  explored  further.  Another  possible  candidate  is  PEEK. 

The  use  of  a  polyethylene-film  shrink  wrap  would  add  a  water- 
repellent  barrier  to  the  outside  of  the  DS2  container  and  could 
extend  the  shelf  life  of  the  can  significantly.  However,  as  with 
paint,  rough  handling  could  cause  punctures  or  tears  in  the  shrink 
wrap  which  would  negate  its  effectiveness. 
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An  elegant  solution  to  the  problem  with  corrosion  of  the 
solder  seals  is  to  change  from  the  lead-tin-bismuth  (Pb-Sn-Bi) 
solder  currently  used  to  a  more  noble,  and  more  expensive,  silver 
solder.  Silver  solder  would  necessitate  changes  to  the  production 
line  and  may  create  a  hazard  because  of  the  higher  operating 
temperature  required. 

While  not  specifically  required  in  this  survey,  some 
potentially  beneficial  information  concerning  costs  was  collected. 
These  data  are  presented  in  Appendix  H. 

7.  RECOMMENDATIONS 

The  following  techniques  are  recommended  as  potential 
improvements  to  the  Technical  Data  Package  (TDP)  for  the  cans  for 
DS2: 


•  Use  a  silver  solder  to  seal  the  end  caps. 

•  Apply  an  elastomeric  sealant. 

•  Apply  a  shrink-wrap  outer  coating. 

•  Investigate  the  use  of  PEEK  or  fluorocarbons  for 
containers. 

•  Prevent  rough-handling  of  the  cans  to  avoid 
scratching  the  paint. 

The  use  of  stainless  steel  for  the  can  would  correct  the 
problem  at  hand,  and  may  be  the  ultimate  answer.  However,  the  high 
cost  of  the  can  poses  a  potential  obstacle  to  its  adoption.  In 
addition,  stainless  steel  does  not  accept  paint  very  well,  and 
would  be  difficult  to  camouflage. 
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APPENDIX  A 


COMPANIES  CONTACTED 


ABCO  Industries,  Inc. 

P.O.  Box  335 
Roebuck,  SC  29376 
1  (803)  576-6821 
Janine  Dworley 

Air  Products  and  Chemicals,  Inc. 

Surface  Treated  Products,  Airopak  Containers  Division 
Allentown,  PA  18195 
1  (800)  247-6725 
Laurie  Maurer 

All-American  Environmental  Corp 
140-53rd  Street 
Brooklyn,  NY  11232 
1  (718)  492-7400 
Joe  Capp 

All-Pak,  Inc. 

2260-T  Roswell  Drive 
Pittsburgh,  PA  15205 
1  (412)  922-4566 
Bill  Barger 

Allstate  Can  Corp. 

40-T  Isabella  St. 

Clifton,  NJ  07012 
1  (201)  773-0100 
Ron  Peppele 

American  Metal  Fab. ,  Inc. 

55515  Franklin  Industrial  Park 
Three  Rivers,  MI  49093 
1  (616)  279-5108 
A1  West 

American  Technology  and  Research  Industries,  Inc. 

1510  SW  17th  Street,  Dept.  RL 
Ocala,  FL  32674 
1  (904)  622-4242 

American  Science  and  Technology,  Inc. 

1  (609)  786-1751 
George  Lopez 

American  Waste,  Inc. 

P.O.  Box  306 
Maywood,  IL  60153 
1  (708)  681-3999 
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Aptus  Environmental  Services,  Inc. 

Coffeeville,  KS 

Ashland  Chemical  Company,  Ind.  Chem.  and  Solvents  Div. 
P.0.  Box  2219 
Columbus,  OH  43216 
1  (614)  889-3333 
Ron  Cimmino 

B.E.S.  Environmental  Specialists 
82-86  Boston  Hill  Road 
Larksville,  PA  18651 

BCM  Engineers 

1  Plymouth  Meeting,  Suite  506 
Plymouth  Meeting,  PA  19462 
1  (215)  825-3800 

Belmet  Products,  Inc. 

60  Beadel  Street 
Brooklyn,  NY  11222 
1  (718)  782-3554 
Rich  Goss 

Bonar  Plastics,  Inc. 

19705  SW  Teton  Avenue,  P.O.  Box  487 
Tualatin,  OR  97062 
1  (503)  692-0560 
Phil  Sargeant 

Browning  Ferris  Industries 

By-Products  Management  of  Ohio,  Inc. 

17879-T  St.  Clair  Avenue 
Cleveland,  OH  44110 
1  (216)  486-9100 
Carl  Munn 

CBI  Services,  Inc. 

St .  George  Road 
Bourbonnais,  IL  60914-7001 
1  (815)  933-4440 
Chuck  Bull 

Chemarex/Cal  Bionuclear  Corp 
13125  South  Broadway 
Los  Angeles,  CA  90061 
1  (213)  515-5260 
Dr .  Ahmed 
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Chem-Clear 

2900-T  Broadway  Near  Independence  Rd. 
Cleveland,  OH  44115 

Chemical  Waste  Management  Inc. 

3003-T  Butterfield  Road 
Oak  Brook,  IL  60521 
1  (708)  218-1500 
Dave  McKuehn 

Cleveland  Steel  Containers 
350  Mil  Street 
Quakertown,  PA  18951 
1  (215)  536-4477 
Don  Doulan 

Coating  Systems,  Inc. 

55  Crown  Street,  Dept.  TR 
Nashua,  NH  03060 
1  (603)  883-0553 
Aram  Jeknavorian 

Columbiana  Boiler  Company 
198  West  Railroad  Street 
Columbiana,  OH  44408 
1  (216)  482-3373 
Bill  Riddle 

Compliance  Services,  Inc. 

Wayne ,  PA 
1  (215)  254-0842 
Russ  Phifer 

Consolidated  Container  Corp. 

735  N.  3rd  Street,  Dept.  110 
Minneapolis,  MN  55401 
1  (612)  338-0753 
Joel  wirth 

Container  Products,  Inc. 

7838  Iron  Street,  P.O.  Drawer  158 
Masury,  OH  44438 
1  (216)  448-6841 
Robert  Beaudrie 

Container  Research  Corp. 

Hollow  Hill  Road 
Glen  Riddle,  PA  19037 
1  (215)  459-2160 
Chris  Leiser 
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Crown  Anderson,  Inc. 

306  Dividend  Drive 
Peachtree  City,  GA  30269 
1  (800)  241-5424 

Crown  Rotational  Molded  Products,  Inc. 
P.O.  Drawer  577 
Marked  Tree,  AR  72365 
1  (501)  358-3400 
Jack  Hendricks 

Cyprus  Environmental  Industries,  Inc. 

300  Crescent  Court  Ste  1105 
Dallas,  TX  75201 
1  (214)  871-2299 
Bill  Conley 

DAS  Environmental ,  Inc . 

2516  E.  Ontario  Street,  Dept.  MS 
Philadelphia,  PA  19134 
1  (215)  739-3445 
Wayne  Chapman 

Dipseal  Plastics,  Inc. 

2311-23D  Avenue 
Rockford,  IL  61104 
1  (800)  634-7821 
Scott  Platt 

Douglass,  Gordon,  and  Associates 

121  Berwick  Heights  Road,  P.O.  Box  496-A 

East  Stroudsberg,  PA  18301 

1  (717)  476-6600 

Mr.  Douglass 

ECOVA 

12790  Merit  Drive  Suite  220-A 
Dallas,  TX  75251 
1  (214)  238-0600 
Arnie  Sugar 

ETI  Group  Companies  of  North  America 
P.O.  Box  2286 
Denver,  CO  80201 

Ellisco,  Inc. 

4010  N.  American  Street 
Phildelphia,  PA  19140 
1  (215)  223-3500 
Peter  Riley 
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Ensign  Bickford  Haz-Pros,  Inc. 

656  Hopmeadow  Street 
Simsbury ,  CT  06070 
1  (203)  651-2603 
John  Fowler 

Envirite 

600-T  West  Germantown  Pike 
Plymouth  Meeting,  PA  19462 
1  (215)  828-8655 
Bill  McTige 

Environmental  Contracting  and  Supply  Co. 
P.O.  Box  338-T 
La  Grange,  IL  60525 
1  (708)  579-1104 
Dick  Halm 

Environmental  Elements  Corp. 

3700  Kopper  Street,  P.O.  Box  1318 
Baltimore,  MD  21203 
1  (301)  368-7000 
Werner  Eichanmer 

Environmental  Technologies  International 
P.O.  Box  2841 
Reno,  NV  89505 
1  (702)  322-1164 

Envirosafe  Services,  Inc. 

115  Gilbralter  Road 
Horsham,  PA  19044 

FMP  Corp. 

250  Risdon  Street 
Naugatuck,  CT  06770 
1  (203)  723-5232 
Claire  Pelgrow 

Freund  Can  Company 
167  West  84th  Street 
Chicago,  IL  60620 
1  (312)  224-4230 
Mr.  O'Brien 

GSX  Chemical  Services,  Inc. 

P.O.  Box  21079,  Dept.  TR 
Columbia,  SC  29221 
1  (803)  798-2993 
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HAZMAT  Training,  Information  and  Services,  Inc. 
6480  Dobbin  Road  Columbia  Center 
Columbia,  MD  21045 
1  (301)  964-0940 

HEMC  Environmental  Management 
2681-T  Dow  Avenue,  Unit  No.  C-l 
Anaheim,  CA  92680 
1  (714)  364-3005 

Hardigg  Industries,  Inc. 

393  N.  Main  Street 
South  Deerfield,  MD  01373 
Dave  Macdonald 

Hart  Environmental  Management  Corp. 

530  Fifth  Aveneue,  Dept.  TR 
New  York,  NY  10036 
1  (212)  447-1480 
June  Williams/ Fred  Hart 

Helios  Container  Systems,  Inc. 

315-T  Fairbanks  Street 
Addison,  IL  60101 
1  (708)  529-7590 
Barbara  Donner 

Hitech  Research  and  Development,  Inc. 

8625-T  68th  Street,  S.E.,  P.0.  BOX  998 
Calgary,  Alberta,  Canada 

Hudson  Tool  and  Dye  Company 
18  Malvern  Street 
Newark,  NJ  07105 
1  (201)  589-1800 
Bill  Cuthbert 

Hunter  Drums  LTD. 

1121  Pioneer  Road 
Burlington,  Ontario,  Canada 
1  (416)  333-1145 
Wayne  Gow 

Inland  Pollution  Services,  Inc. 

646-T  Garden 
Elizabeth,  MJ  07202 
1  (201)  353-5544 
John  Guy 
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International  Technology  Corp. 

23456-T  Hawthorne  Bvld. 

Torrance,  CA  90505 

1  (213)  378-9933 

Laura  Johnston/Mr.  Soesbe 

J&B  Systems 
P.0.  Box  245 
Milford,  OH  45150 
1  (513)  732-2000 

JMH  Industries,  Inc. 

217-219  Versaw  Ct.-T  P.O.  Box  930-T 
Berthoud,  CO  80513 
1  (303)  532-4040 
Kaupp,  C.B.  and  Sons,  Inc. 

12  Newark  Way 
Maplewood,  NJ  07040 
1  (201)  761-4000 
Clem  Kaupp,  Jr. 

Kosempel  Mfg.  Co. 

3700  Main  Street 
Phildelphia,  PA  19134 
1  (215)  533-7110 
John  Solheim 

M  &  S  Engineering  and  Mfg.  Company,  Inc. 

95  Rye  Street 

Broad  Brook,  CT  06016 

1  (203)  627-9396 

Sigmuand  Koslowski 

Maecorp 

17450-T  S.  Halsted  Street 
Homewood,  IL  60430 
1  (800)  372-7745 
Phil  Mazor 

Marisol,  Inc. 

123  Factory  Lane 
Middlesex,  NJ  08846 
1  (201)  469-5100 

McClain  Industries,  Inc. 

P.O.  Box  913 

Sterling  Heights,  MI  48087 
1  (405)  691-6311 
Jamie  Reeves 
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Melmat,  Inc. 

1400  W.  240th  Street 
Harbor  City,  CA  90710 
1  (213)  325-1625 
John  Mellott 

Mid-States  Metal  Lines,  Inc. 

4001-T  E.  137th  Terr. 

Grandview,  MO  64030 
1  (816)  765-5444 
Les  Martin 

Mirax  Chemical  Products,  Inc. 

Metal  Containers  Division 
4997  Fyler  Avenue 
St.  Louis,  MO  63139 
1  (314)  752-1500 
Oliver  Clert 

Mutual  Stamping  and  Manfacturing  Co. 
241  Shetland  Road,  P.O.  Box  656-T 
Fairfield,  CT  06431 
1  (203)  877-3933 
Bob  Fox 

National  Packaging  Services,  Inc. 
34-40  Laurel  Hill  Blvd. 

Maspeth,  NY  11378 
1  (718)  786-6343 
Bob  Strasser 

OH  Materials  Corp. 

P.O.  Box  551  Dept.  TR 
Findlay,  OH  45839 
1  (419)  423-3526 
Marsha  Robinson 

PDI  Plastidip  International 
P.O.  Box  130 
Circle  Pines,  MN  55014 
1  (612)  785-2156 
Chuck  Nelson 

Pacific  Rim  Packaging  Corp. 

801-T  Chesley  Avenue,  P.O.  Box  4026 
Richmond,  CA  94804-0026 
1  (415)  234-7114 
Glen  Langstaff 
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Packaging  Specialties,  Inc. 

9522  Richmond  Avenue 
Cleveland,  OH  44105 
1  (216)  271-7988 
Paul  Libby 

Potomac  Metal  and  Supply,  Inc. 

Route  51,  Box  1415 
Cumberland,  MD  21502 
1  (301)  722-4030 

Process  Technology  Co. 

1  (800)  782-0841 

Quick  Draw  and  Machining,  Inc. 

4869-T  McGrath  Street 
Ventura,  CA  93003 
1  (805)  644-7882 
Mr.  Ward-Llwewllyn 

Rack  Engineering  Company 
299-T  S.  7th  Street 
Connellsville,  PA  15425 
1  (412)  628-8400 
Frank  Minor 

Rem-Tech 
Loiseberry,  PA 
1  (717)  938-6745 
Errol  Fletcher 

Robertson  Can  Company 
16  N.  Lowry  Avenue 
Springfield,  OH  45501 
1  (513)  323-3747 
Mr .  Robertson 

Rochelle  Steel  Fabricating,  Inc. 

Rt.  251  South 
Rochelle,  IL  61068 
1  (815)  562-7805 
Tom  Hart 

Rollings  Environmental  Services (DE) ,  Inc. 
One  Rollins  Plaza,  P.0.  Box  2349-T 
Wilmington,  DE  19899 
1  (302)  479-2700 
Fred  Gerdes 
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Roy  F.  Weston,  Inc. 

Weston  Way 

West  Chester,  PA  19380 
1  (215)  692-3030 
Joel  Carmazine 

Safety  Shield  Corp. 

Scientific  Plastics  CO.,  Inc. 

550  Elizabeth  Street 
P.O.  Box  642 
Waukesha ,  WI  53187 
Mr .  Portz 

Skolnik  Industries,  Inc. 

4900  S.  Kilbourn  Ave. 

Chicago,  IL  60632 
1  (312)  735-0700 
Dan  Abram 

Sommer  Metalcraft  Corp. 

500  Poston  Drive 
Crawfordsville,  IN  47933 
1  (800)  654-3124 
Greg  Bryant 
Sonoco  Plastic  Drum 
1225-T  Davies  Street 
Lockport,  IL  60441 
1  (815)  838-7210 

Statewide  Environmental  Services 
1  (415)  865-2978 
Dick  Clark 

Staver  Company,  Inc. 

45-T  Saxon  Avenue 
Bay  Shore,  NY  11706 
1  (516)  666-8000 
J.B.  Lazarus 

Steel  King  Industries,  Inc. 

2700  Chamber  Street,  Dept.  KG 
Stevens  Point,  WI  54481 
1  (715)  341-3121 

Steeltin  Can  Corp. 

1101  Todds  Lane 
Baltimore,  MD  21237 
1  (301  686-6363 
Rich  DiMarcantonio 
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Stout  Environmental 

R.R.  4  Box  140  N.  Woodbury  Road 

Sewell,  NJ  08080 

TDP  Industries,  Inc. 

603A  Airport  Blvd. 

Doylestown,  PA  18901 
1  (215)  345-8687 
Ray  Miller 

TRC  Companies,  Inc. 

800-T  Conneticut  Blvd. 

East  Hartford,  CT  06108 
1  (203)  289-8631 
George  McKenney 

Thermal  Oxidation  Corp. 

Roebuck,  SC  29376 
1  (803)  576-1085 
Diane  Prioletti 

U.S.  Ecology 

Van  Leer  Corp. 

1  (800)  323-3151 

Washington  Aluminum  Company 
Knecht  Avenue 
Baltimore,  MD  21229 
1  (301)  242-1000 
Stephanie  Coulteau 

Waste  Research  and  Reclamation  Company,  Inc. 
Industrial  Center  Highway  93 
Eau  Claire,  WI  54701 
1  (715)  836-8760 
Jack  Viesezak 
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APPENDIX  B 


Extract  from  49  C7R  173 
and 

Packaging  Instructions  809  and  813 


f  173.249 

discs  having  a  (4-inch  breather  hole  in 
the  center  thereof. 

(6)  Specification  MC  310.  MC  311.  or 
MC  312  ({  178.343  of  this  subchapter). 
Cargo  tanks.  Bottom  outlets  are  au¬ 
thorized  if  they  meet  the  require¬ 
ments  of  §  178.343-5  of  this  subchap¬ 
ter. 

(7)  Spec.  60  ($  178.255  of  this  sub¬ 
chapter).  Portable  tanks. 

(8)  Specification  IM  101  portable 
tanks  ( SS  178.270.  178.271  of  this  sub¬ 
chapter)  are  authorized  under  condi¬ 
tions  specified  in  the  IM  Tank  Table. 

(49  U.S.C.  1803.  1804.  1808;  49  CFR  1.S3. 
App.  A  to  Part  1) 

(29  FR  18725.  Dec.  29.  1984.  as  amended  by 
Order  71.  31  FR  9070.  July  1. 1968:  Order  73. 
32  FR  3458.  Mar.  2.  1987.  Redesignated  at  32 
FR  5808.  Apr.  5.  1967] 

Editorial  Note  For  Federal  Register  cita- 
tions  affecting  $  173.248.  see  the  List  of  CFR 
Sections  Affected  appearing  in  the  Finding 
Aids  section  of  this  volume. 

9  173.249  Alkaline  corrosive  liquids.  n.o.s_: 
alkaline  liquids,  aol;  alkaline  corro¬ 
sive  battery  fluid:  potassium  fluoride 
solution;  potassium  hydrogen  fluoride 
solution:  sodium  aluminate.  liquid: 
sodium  hydroxide  solution:  potassium 
hydroxide  solution. 

(a)  Alkaline  corrosive  liquids,  n.o.s.; 
alkaline  liquids,  n.os.;  alkaline  corro¬ 
sive  battery  fluid;  potassium  fluoride 
solution:  potassium  hydrogen  fluoride 
solution;  sodium  aluminate.  liquid; 
sodium  hydroxide  solution  and  potas¬ 
sium  hydroxide  solution,  when  offered 
for  transportation  by  carriers  by  rail 
freight,  highway,  or  water  must  be 
packed  in  specification  containers  of  a 
design  and  constructed  of  materials 
that  will  not  react  dangerously  with  or 
be  decomposed  by  the  chemical 
packed  therein  as  follows: 

(1)  In  containers  prescribed  in 
§  173.245. 

(2)  Specification  15A,  15B.  15C,  16A. 

19  A.  or  19B  (§5  178.168.  178.169. 

178.170.  178.185.  178.190.  178.191  of 
this  subchapter).  Wooden  boxes  with 
inside  glass  or  earthenware  containers 
not  over  2  gallons  each,  or  with  metal 
containers,  not  over  5  gallons  each. 

(3)  Specification  5  (§  178.80  of  this 
subchapter)  metal  drums.  Openings 
must  not  exceed  2.3  inches  in  diame¬ 
ter. 


49  CFR  Ch.  I  (10-1-88  Edition) 

(4)  [Reserved] 

(5)  Specification  103.'  103W,  103 A1 

103AW,  103B,1  103BW.  104. 1  104W 
105A100, 1  105A100W,  111A60F1 

111A60W1,  111A60W2,  111A100E2, 

111A60W5,  or  111A100W4  <5§  179.100. 
179.101.  179.200.  179.201  of  this  sub¬ 
chapter).  Tank  cars. 

(6)  Specification  MC  303.  MC  310, 
MC  311  or  MC  312  (§  178.343  of  this 
subchapter).  Cargo  tanks.  Specifica¬ 
tion  MC  303  is  authorized  for  alkaline 
corrosive  liquids,  n.o.s..  and  alkaline 
liquids,  n.o.s.  only  and  is  not  author¬ 
ized  for  transportation  by  water; 
Bottom  outlets  are  authorized  if  they 
meet  the  requirements  of  §  178.343-5 
of  this  subchapter. 

(7)  Specification  57  or  60  (§§  178.251. 
178.253,  178.255  of  this  subchapter). 
Portable  tanks.  Specification  57  porta¬ 
ble  tank  not  authorized  for  transpor¬ 
tation  by  water. 

(8)  Spec.  12B  (§  178.205  of  this  sub¬ 
chapter).  Fiberboard  boxes  with  glass 
inside  containers  of  not  over  16  ounces 
capacity  each. 

(9)  [Reserved] 

(10)  Spec.  12B  (5  178.205  of  this  sub¬ 
chapter).  Fiberboard  boxes,  with  not 
more  than  one  glass  inside  container 
not  over  1  gallon  capacity  containing 
sodium  hydroxide  solution  not  over  25 
percent  strength  and  packed  in  a 
strong  fiberboard  box.  Dry  chemicals 
for  photographic  development  process 
not  classed  as  dangerous  articles,  con¬ 
tained  in  suitable  inside  packages,  may 
be  packed  in  the  same  outside  box. 
The  marking  requirements  of  §  172.312 
of  this  subchapter,  shall  not  apply. 

(11)  Spec.  29  (§  178.226  of  this  sub¬ 
chapter).  Mailing  tubes,  with  not  more 
than  one  inside  polyethylene  bottle 
not  over  1-quart  capacity  each. 

(12)  Spec.  1H  (§  178.13  of  this  sub¬ 
chapter).  Metal  crate  with  inside  poly¬ 
ethylene  container  Spec.  2T  (§  178.21 
of  this  subchapter). 

(13)  Specification  12B  (§  178.205  of 
this  subchapter).  Fiberboard  box  with 
inside  metal  containers.  Not  more- 
than  four  1-gallon  or  six  1-quart  con¬ 
tainers  may  be  packed  in  each  box. 
Maximum  gross  weight  may  not 


'The  use  of  existing  tanks  authorized  but 
new  construction  not  authorized. 
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exceed  68  pounds  snd  the  completed 
package  must  meet  the  test  require¬ 
ments  of  1 178.210-10  of  this  subchap- 
ter. 

(14)  Specification  IM  101  portable 
(ii  178.270,  178.271  of  this  sub- 
chapter)  are  authorised  under  condi¬ 
tions  specified  in  the  IM  Tank  Table. 

(b)  The  hazardous  materials  named 
in  paragraph  (a)  of  this  section,  when 
offered  for  transportation  by  aircraft, 
must  be  packaged  as  follows  (also  au¬ 
thorised  for  transportation  by  rail 
freight,  highway  or  water): 

(1)  In  packaging*  as  prescribed  in 
paragraphs  (a)(8).  (10).  and  (11)  of  this 
section  and  i  173.24S(aX7)  and  (12). 

(2)  Spec.  5  or  SA  (f  178.80  or  178.81 
of  this  subchapter).  Metal  barrels  or 
drums,  capacity  not  exceeding  10  gal¬ 
lons.  with  openings  not  exceeding  2.3 
inches  in  diameter. 

(3)  Specification  15A.  18B,  15C.  16 A, 

19A,  or  19B  (f  f  178.168,  178.169, 

178.170.  178.188,  178.190,  178.191  of 
this  subchapter).  Wooden  boxes  with 
inside  glass  or  earthenware  containers 
not  over  1-gallon  each,  or  with  inside 
metal  cans,  not  over  8  gallons  each. 

(c)  Limited  quantities  of  alkaline 
corrosive  liquids,  n.oj.,  alkaline  liq¬ 
uids,  n.o.s.,  alkaline  corrosive  battery 
fluids,  and  liquid  sodium  alumina te  in 
inside  packagings  of  not  more  than  8 
fluid  ounces  capacity  each,  packed  in 
strong  outside  packagings,  and  cush¬ 
ioned  with  absorbent  material  in  suffi¬ 
cient  quantity  to  completely  absorb 
liquid  contents  in  the  event  of  break¬ 
age.  are  excepted  from  labeling 
(except  labeling  is  required  for  trans¬ 
portation  by  air)  and  specification 
packaging  requirements  of  this  sub¬ 
chapter.  In  addition,  shipments  are 
not  subject  to  Subpart  F  of  Part  172  of 
this  subchapter,  to  Part  174  of  this 
subchapter  except  $  174.24  and  to  Part 
177  of  this  subchapter  except 
f  177.817. 

(d)  Special  exceptions  for  shipment 
of  certain  alkaline  in  the  ORM-D  class 
are  provided  in  Subpart  N  of  this  part. 

<49  US.C.  1803,  1804.  1808;  49  CFR  1.53. 
App.  A  to  Part  1) 

(29  PR  18725.  Dec.  29.  1944.  Redesignated  at 
32  PR  5408.  Apr.  5.  1967) 

EorroaxAt.  Note  For  Federal  Register  cita¬ 
tions  affecting  i  173.249,  see  the  List  of  CFR 


Sections  Affected  appearing  in  the  Finding 
Aids  section  of  this  volume. 

1 173349a  Cleaning  compound,  liquid; 
coal  tar  dye,  liquid;  dye  intermediate, 
liquid;  mining  reagent,  liquid;  and  tex¬ 
tile  treating  compound  mixture,  liquid. 

(a)  A  liquid  cleaning  compound  sub¬ 
ject  to  this  section  must  not  contain 
any  corrosive  material  specifically 
named  In  i  172.101  of  this  subchapter, 
except  phosphoric  acid,  acetic  acid, 
and  not  over  IS  percent  sodium  or  po¬ 
tassium  hydroxide. 

(b)  A  liquid  dye  intermediate  is  a 
ring  compound,  containing  amino,  hy¬ 
droxy,  sulfonic  acid,  or  quinone  group 
or  a  combination  of  these  groups,  used 
in  the  manufacture  of  dyes,  and  not 
otherwise  specifically  named  in 
i  172.101  of  this  subchapter. 

(c)  A  liquid  textile  treating  com¬ 
pound  mixture  is  a  mixture  used  to 
treat  woven,  knit  or  otherwise  manu¬ 
factured  fabrics.  It  does  not  include 
mixtures  used  only  to  treat  fibers,  fila¬ 
ments,  or  yam  used  in  making  the 
fabric. 

(d)  Liquid  coal  tar  dye,  liquid  clean¬ 
ing  compound,  liquid  dye  intermediate 
liquid  mining  reagent,  and  liquid  tex¬ 
tile  treating  compound  mixture  must 
be  packaged  as  follows: 

(1)  In  specification  packagings  as 
prescribed  in  §  173.245. 

(2)  In  packagings  meeting  all  of  the 
specific  requirements  prescribed  in 
S  173.245  including  packaging  type  and 
quantity  limitations  for  inside  packag¬ 
ings.  The  packagings  are  not  required 
to  meet  the  detailed  specification  re¬ 
quirements  of  Part  178  of  this  sub- 
chapter  except  that  size  and  weight 
limitations  for  package  types  as  pre¬ 
scribed  in  Part  178  may  not  be  exceed¬ 
ed.  Not  authorized  for  shipment  by 
aircraft. 

(3)  Removable  (open)  head  fiber 
drum  lined  or  coated  on  the  inside 
with  a  plastic  material,  not  over  55- 
gallon  capacity.  Not  authorized  for 
shipment  by  aircraft. 

(4)  Removable  (open)  head  metal 
drum,  not  over  55-gallon  capacity.  Not 
authorized  for  shipment  by  aircraft. 

(5)  Removable  (open)  head  polyeth¬ 
ylene  drum,  not  over  6.5-gallon  capac¬ 
ity.  Not  authorized  for  shipment  by 
aircraft. 


32 


3*10-4 


809  PACKING  INSTRUCTION  109 

The  itoerd  peeking  rtouiremente  of  Pen  J,  Chapter  1  matt  he  act. 

Single  peehegiagt  ere  not  permitted. 

Combine Hon  packagingt: 
hum 


Clots  or 

A lent  (not 

Clm 

Partletder 

Matte 

ohumotum) 

Atumlnium 

ampoule 

(P.t 

(PJ 

IPJ 

IPJA 

(Pi 

pocking 

UN  No. 

(Li 

(U 

(Li 

(Li 

(Li 

requirements 

ms 

1 

1 

1 

1 

0J 

2,3.7.11 

1719 

1 

1 

1 

No 

OJ 

13 

1722 

1 

1 

No 

No 

0J 

1719 

1 

1 

No 

No 

0J 

11 

1740 

No 

1 

1 

No 

No 

2.13 

1744 

1 

1 

No 

No 

0J 

I7S0 

1 

1 

1 

No 

,  0J 

5.11 

17S4 

1 

1 

1 

1 

0J 

2.7.11 

1731 

1 

1 

1 

No 

0J 

2.3.11 

1740 

1 

1 

1 

No 

OJ 

2.13 

1744 

I 

1 

1 

No 

OJ 

2.3.13 

1745 

1 

1 

I 

No 

0J 

2J.11 

1744 

•  NO 

1 

i 

No 

NO 

2J 

1774 

1 

l 

No 

No 

0J 

2.3  Jl 

177J 

1 

1 

1 

No 

0.3 

1774 

1 

l 

1 

No 

OJ 

2JJ1 

1777 

1 

l 

1 

1 

0J 

2J.7.13.21 

1774 

1 

1 

1 

No 

OJ 

2,3.21 

1742 

1 

1 

1 

No 

OJ 

2JJ1 

1744 

No 

l 

1 

No 

No 

2,3 

1747 

1 

i 

No 

No 

OJ 

2.13 

1744 

1 

l 

No 

No 

OJ 

2.13 

1749 

l 

1 

No 

No 

0J 

2,13 

1790 

No 

l 

I 

No 

No 

2.5 

1791 

1 

1 

l 

No 

OJ 

5 

1794 

l 

No 

1 

No 

OJ 

3.13 

1794 

l 

No 

No 

No 

OJ 

11 

1401 

1 

1 

No 

No 

0J 

1411 

No 

1 

1 

No 

No 

1114 

1 

1 

1 

No 

0J 

2.13 

1414 

1 

1 

No 

No 

0J 

1424 

1 

1 

1 

No 

0.3 

3.13 

1424 

1 

No 

1 

No 

0.3 

1424 

l 

1 

1 

l 

0J 

3.7.13 

1410 

l 

1 

l 

No 

0.5 

3,11 

1*11 

1 

1 

l 

No 

0J 

2J.13 

1414 

1 

1 

1 

1 

0.5 

2J.I1 

1414 

1 

1 

l 

NO 

0.3 

2.7.13 

1904 

1 

1 

l 

No 

0.5 

2.13 

1940 

l 

1 

1 

No 

OJ 

3 

2011 

1 

NO 

NO 

No 

0.3 

11 

2012 

1 

No 

No 

No 

0J 

13 

2240 

1 

1 

1 

No 

0.5 

2J.13 

2234 

1 

1 

1 

No 

0.5 

2.11 

2104 

t 

1 

l 

No 

0.5 

2J.I3 

2414 

1 

1 

1 

No 

0J 

2J.I1 

2419 

No 

1 

l 

No 

No 

2J.I1 

2444 

1 

1 

1 

No 

0J 

2302 

1 

1 

l 

No 

0J 

2.5.13 

2344 

l 

1 

1 

No 

0J 

2,5.13 

2404 

1 

1 

1 

l 

0J 

2477 

1 

l 

1 

No 

0J 

2479 

l 

l 

1 

No 

0J 

33 


PACKING  INSTRUCTION  t09  fecm.l 


3-10*5 


809 


Glass  or 
rarrheft  were 

Plank 

Metal  /not 
aluminium) 

Aluminium 

Glass 

ampoule 

Particular 

IP.I 

IP.3 

IPJ 

IPJA 

IP.« 

pedant 

US  So. 

IU 

(U 

!U 

(U 

<U 

requirements 

3611 

1 

1 

\ 

No 

0.3 

26 91 

1 

1 

1 

No 

0.3 

34.13 

2699 

1 

l 

1 

No 

0.3 

3,1341 

2134 

1 

1 

1 

NO 

0.3 

2,13 

ins 

l 

1 

1 

No 

04 

2.13 

2 1» 

l 

1 

1 

1 

0.3 

24,1.13 

2190 

1 

1 

1 

1 

0.5 

24,7.13 

2396 

i 

1 

1 

NO 

0.5 

3,13 

1391 

1 

1 

1 

NO 

0.5 

2111 

No 

1 

1 

No 

No 

2tt7 

l 

1 

1 

No 

0.5. 

2079 

1 

1 

1 

No 

0.3. 

2443 

2920 

1 

1 

1 

No 

0.3 

2.13 

2922 

1 

1 

1 

No 

0.3 

2,13 

( Met  Steel  drum  -  |  Ai 

Aluminium  drum  -  1 82 
Stc«f  |«fftan  -  Ml 
Plywood  drum  -  1 0 
Fibre  drum  -  IG 
Plastic  d rum  -  1H2 


Plastic  jcfrteaa  -  JH2 
Wooden  boa  -  4CI.  4C2 
Plywood  boa  -  40 
Reconstituted  wood  box  -  4F 
Fibrcboard  box  -  4G 


Pa Atruiat  peeking  requirements' 

2  Plastic  inner  packaging*  must  be  packed  In  tightly  dosed  metal  receptacles  before  packing  in  outer  packagutgs. 

.<  Steel  packagings  mutt  be  corrosion-resistant  or  with  protection  against  corrosion. 

7  When  aluminium  or  aluminium  alloys  arc  used  they  must  be  resistant  to  corrosion. 

I]  Class  inner  pacicagiegs  and  glass  ampoules  must  be  packed  with  absorbent  material  in  tightly  dosed  metal  receptacles 

before  packing  in  outer  packagings.  ' 

21  If  free  from  hydrofluoric  acid  then  glass  mart  packaging*  ve  pertained. 


810  PACKING  INSTRUCTION  110  810 

lb  general  packing  requirements  of  Pan  3,  Chapter  I  must  be  met. 
suiflc  packagings  are  not  permitted. 

Ciunfunation  portaging j? 


Inner  Glass  or  eanhenware  -  IP. I  0.S  kg 

Plastie  -  IP J2  0.3  kg 

Metal  -  IP.3,  IP.JA  0.3  kg 

Class  ampoule  -  IP.I  0.3  kg 


Outer  Steal  drum  -  1A2 

Aluminium  drum  -  182 
Sted  Jerrican  -  JA2 
Plywood  drum  -  10 
Fibre  drum  -  10 
Plastic  drum  -  1H2 


Plastie  jerrican  -  3  HI 
Wooden  box  -  <Cl,  4C2 
Plywood  boa  -  40 
Reconstituted  wood  box  -  4F 
Fibrsboard  box  -  40 
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]Iw  icnertl  picking  f*q  uiraamu  0/  Pin  J.  Chi  pm  I  mtui  be  act. 
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Clots  Of 

Mttoi  (not 

Clots 

tonkauwart 

Ptostie 

tlumtnnmu 

Aluminium 

ampoule 

Particular 

JP.J 

IP.3 

tPJ 

IP.3A 

IP.t 

paNcmt 

UN  So. 

<U 

(U 

<U 

(U 

(Li 

riqtrtrtmtmt 

I7IS 

IS 

24 

24 

24 

04 

244.11 

1719 

u 

24 

24 

No 

04 

1724 

2.3 

2.5 

24 

No 

04 

3 

1721 

2.5 

24 

2.5 

No 

04 

5 

1712 

24 

24 

2.5 

24 

04 

24.7.1341 

1740 

No 

24 

24 

No 

No 

1747 

2.5 

24 

24 

No 

•  04 

3 

1710 

24 

24 

24 

No 

04 

5.13 

1711 

2.3 

24 

24 

No 

04 

5 

1762 

2.5 

24 

24 

No 

0.5 

5 

1763 

2.5 

24 

2.5 

No 

0.3 

5 

1764 

25 

2.3 

24 

No 

0.5 

24.13 

1765 

2.5 

24 

24 

No 

0.5 

24.13 

1766 

2.5 

24 

24 

No 

04 

5 

1767 

2.3 

2.3 

2.3 

NO 

04 

3 

1761 

No 

2.5 

24 

No 

No 

24 

1769 

2J 

24 

24 

No 

04 

3 

1771 

24 

24 

24 

No 

04 

5 

1773 

2.5 

24 

24 

No 

04 

2.541 

1776 

24 

24 

24 

No 

04 

2441 

1771 

2.5 

2.5 

24 

No 

04 

2441 

1711 

2.5 

24 

24 

No 

04 

3 

1712 

2.5 

24 

24 

No 

0.3 

2441 

I7S4 

24 

24 

24 

No 

04 

5 

1717 

24 

24 

NO 

No 

04 

2.13 

1711 

24 

24 

No 

NO 

04 

243 

1719 

2.3 

24 

No 

NO 

04 

2.13 

1790 

No 

24 

24 

No 

No 

24 

1791 

24 

24 

2.3 

NO 

04 

5 

1796 

24 

No 

24 

No 

04 

5.13 

1799 

.  2.3 

24 

24 

No 

04 

5 

1100 

2.5 

24 

2.5 

No 

04 

5 

1101 

2J 

24 

24 

No 

04 

5 

1102 

2.3 

24 

No 

No 

04 

1UU 

24 

24 

No 

No 

04 

1104 

2.5 

24 

2.5 

No 

04 

5 

1101 

24 

24 

24 

No 

0.3 

24.13 

1109 

2.3 

24 

24 

No 

04 

3.13 

1110 

24 

24 

24 

No 

0.5 

5 

till 

No 

24 

24 

No 

No 

1114 

2J 

24 

24 

No 

04 

1116 

2.5 

24 

24 

No 

04 

3 

111! 

1J 

24 

No 

No 

04 

2,13 

1124 

2J 

24 

2.5 

No 

04 

5.13 

1126 

2.3 

No 

24 

No 

04 

1130 

24 

24 

24 

No 

04 

3,13 

1132 

2.3  i 

24 

24 

NO 

04 

5.13 

11)7 

24 

24 

24 

No 

04 

5.13 

im 

24 

24 

No 

No 

04 

2*13 

1901 

24 

24 

24 

No 

as 

5.13 

1901 

24 

24 

24 

No 

04 

243 

1940 

24 

24 

24 

No 

04 

35 
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Giau  or 

Mist  toot 

C/m 

MnXmvwr 

PUttUS 

aluminum) 

AtumrnMM 

ampttdt 

Pmteu/tr 

IPJ 

/P.2 

IPJ 

fP.JA 

IPJ 

posting 

US  NO. 

ID 

tU 

(L) 

<U 

2031 

25 

2.5 

No 

No 

05 

111 

2258 

2.5 

15 

25 

No 

0.5 

111 

2301 

2.5 

25 

15 

No 

05 

25.11 

2835 

25 

25 

<25 

No 

05 

5 

2431 

2J 

15 

25 

No 

05 

15.11 

2439 

No 

15 

25 

No 

NO 

2443 

15 

25 

15 

No 

05 

15.13 

2502 

25 

15 

25 

No 

05 

2564 

15 

15 

15 

No 

05 

15.13 

2672 

5 

3 

10 

No 

05 

2677 

15 

25 

25 

No 

05 

267* 

15 

15 

25 

NO 

05 

2681 

2J 

15 

25 

No 

05 

2789 

15 

15 

25 

15 

05 

25.7.13 

2790 

15 

15 

25 

15 

05 

5.7.13 

2796 

.  15 

15 

15 

No 

0.5 

5.13 

27*7 

15 

15 

25 

No 

0.5 

2817 

No 

25 

15 

No 

No 

2827 

15 

25 

25 

No 

05 

Outtr 


Seed  dram  -  I A 2 
Aluminium  dram  -  18} 
Sled  jerrican  -  JA2 
Plywood  drum  -  ID 
Fibre  dram  -  IG 
Flattie  dram  -  1K2 


Flattie  jerrican  -  3H2 
Wooden  box  -  «Cl,  4C3 
Plywood  box  -  40 
Recootuiuitd  wood  box  - 
flbrtboord  box  -  *C 


4F 


Sin  fie  pecddfMfs; 


Suti 

dam* 

IM 

Aluminum 

Sled 

Wattle 

Wattle 

Composites 

Particular 

end 

doom* 

jttrieuu 

dam* 

jerricans 

(p/attic)  - 

padtiag 

US  No. 

cyiMOtrt’ 

IM/ 

Ul 

INI 

iMt 

til 

1715 

Yet 

Ye* 

Yea 

Ye* 

Yet 

Yea 

5.7 

171* 

Ye* 

No 

Yea 

Ye* 

Ye* 

Ye* 

1724 

Ye* 

No 

Ye* 

NO 

No 

Ye* 

J 

.1728 

Ye* 

No 

Ye* 

No 

NO 

Ye* 

5 

1732 

Yea 

Ye* 

Yea 

NO 

No 

Ye* 

5.7 

1740 

Ye* 

NO 

Ye* 

Ye* 

Ye* 

Ye* 

1747 

Ye* 

No 

Ye* 

No 

No 

Yet 

5 

1750 

Ye* 

No 

Ye* 

Yet 

Yet 

Ye* 

J 

1753 

Ye* 

NO 

Ye* 

NO 

No 

Ye* 

S 

(762 

Ye* 

No 

Ye* 

NO 

NO 

Ye* 

J 

1763 

Yet 

No 

Ye* 

NO 

No 

Ye* 

< 

a 

1764 

Ye* 

No 

Yet 

Yet 

Ye* 

Ye* 

i 

1765 

Ye* 

No 

Ye* 

Y« 

Yet 

Ye* 

S 

1766 

Ye* 

No 

Ye* 

NO 

No 

Yet 

J 

1767 

Ye* 

No 

Ye* 

NO 

No 

Ye* 

3 

1766 

Ye* 

No 

Yet 

NO 

No 

Ye* 

5 

1769 

Ye* 

No 

Yet 

No 

No 

Ye* 

J 

1771 

Ye* 

No 

Ye* 

No 

No 

Ye* 

J 

1775 

Ye* 

No 

Ye* 

Yet 

Yea 

Yet 

5 

1776 

Ye* 

No 

Ye* 

Ye* 

Yet 

Ye* 

J 

1778 

Ye* 

No 

Yet 

Ye* 

Ye* 

Ytt 

3 

1781 

Y*i 

No 

Ye* 

Yet 

Ye* 

Ye* 

J 

1782 

Ye* 

No 

Ye* 

Yet 

Ytt 

Ye* 

5 

1784 

Yet 

NO 

Ye* 

No 

No 

Ye* 

5 

1787 

No 

No 

No 

NO 

No 

Ye* 

1718 

No 

No 

No 

No 

No 

Ye* 

178* 

No 

No 

No 

Ye* 

Y« 

Yet 

17*0 

Ye* 

No 

Yet 

Ye* 

Yet 

Ye* 

5 

17*1 

Ye* 

No 

Yet 

Ye* 

Ytt 

Ye* 

5 

17*6 

Ye* 

No 

Yet 

No 

No 

NO 

5 

17** 

Ye* 

No 

Ye* 

No 

No 

Yet 

J 

1800 

Ye* 

No 

Yet 

No 

No 

Ye* 

J 

Cyiinden  mim  be  ax  permitted  id  Ptekai  Uuiraetioo  300 
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Sttti 

drums 


IAI 

Aluminium 

Sttti 

Piastre 

Mastic 

Composites 

Particular 

and 

drums 

jerricans 

drums 

Jerricans 

(plastic)  - 

patterns 

US  to. 

cylinders* 

iai 

SA1 

IHI 

Ml 

aH 

requirements 

1101 

Y  M 

No 

Yet 

No 

No 

Yu 

3 

1103 

NO 

No 

No 

No 

No 

Yu 

1104 

Yet 

No 

Yei 

No 

No 

Yu 

3 

U0I 

Yet 

No 

Yet 

Yu 

Yu 

Yu 

3 

1109 

Yet 

No 

Yet 

Yu 

Yu 

Yu 

3 

1110 

Y « 

NO 

Yet 

YU 

Yu 

Yu 

3 

llll 

Yet 

NO 

Yu 

•  YU 

Yu 

Yu 

1114 

YC! 

No 

Yu 

Yu 

Yu 

Yu 

Ifld 

Yet 

No 

Yu 

No 

NO 

Yu 

3 

llll 

NO 

NO 

No 

YU 

YU 

Yu 

1124 

Yei 

No 

Yu 

Yu 

Yu 

Yu 

1120 

Yet 

NO 

Yu 

No 

NO 

No 

5 

1130 

Yl! 

No 

Yu 

Yu 

Yu 

Yu 

3 

1132 

Yes 

No 

Yu 

YU 

Yu 

Yu 

3 

1137 

Yet 

NO 

Yu 

YU 

Yu 

Yu 

3 

1131 

Yet 

No 

Yu 

Yu 

Yu 

Yu 

3 

1900 

Yes 

No 

Yu 

Yu 

Yu 

Yu 

3 

1901 

No 

No 

No 

YU 

Yet 

Yet 

1940 

Yes 

No 

Yu 

YU 

Yu 

Yu 

2231 

Yet 

No 

Yu 

YU 

Yu 

Yu 

2301 

Yet 

No 

Yu 

Yu 

Yu 

Yu 

3 

243S 

Yet 

No 

Yu 

No 

No 

Yu 

5 

2431 

Yes 

No 

Yu 

YU 

Ytt 

Yu 

3 

2439 

Yet 

No 

Yu 

Yu 

Yu 

Yu 

2443 

Yet 

NO 

Yu 

No 

No 

Yu 

3 

2302 

Ye! 

NO 

Yu 

Yu 

Ytt 

Yu 

2304 

Yei 

NO 

YU 

YU 

Ytt 

Yu 

3 

2672 

r« 

No 

Yu 

YU 

Yu 

Yu 

2677 

YC! 

No 

Yu 

Yu 

YU 

Yu 

2679 

Yei 

No 

Yu 

Yu 

Yu 

Yu 

2611 

Yet 

No 

Yu 

YU 

Yu 

Yu 

2719 

Yei 

Yet 

Yu 

YU 

Yu 

Yu 

3.7 

2790 

Yet 

Yet 

Yu 

Yu 

Yu 

Yu 

5.7 

2790 

Yei 

No 

Yu 

Yu 

Yu 

Yu 

5 

2797 

Yei 

No 

Yu 

Yu 

Yu 

Yu 

2117 

Yet 

No 

Yu 

Yu 

Yu 

Yu 

2137 

Yet 

NO 

Yu 

Yu 

Yu 

Yu 

1‘utimim  paciint  requirements: 

2  Pt**uc  inner  pacfcsfiafi  man  be  packed  in  tiftaly  doted  octal  rcccptockt  before  packmt  in  outar  pactatuifs. 

3  Steal  pacfciflflft  mutt  be  corrotton-mitunc  or  wt  prottetMO  Mains  corrotion. 

7  When  ahuatnram  or  ahrwtnma  aUoyt  are  oted  they  mas  be  radium  to  corrotion. 

U  Glau  hum  packtaiagt  and  flow  aopoolat  mas  ba  packed  with  tbiarfatnt  nuiartal  In  tlfhtly  doted  metal  rtcapudat 
before  poeftiaf  m  outer  paciapart. 

21  If  Dree  ttqm  hydrofluoric  aod  then  fleet  Oner  larttpnp  are  permitted. 

*  Cylinder!  mutt  be  u  permitted  in  PacfcOf  lasrucdoa  200 
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Blank 
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APPENDIX  C 


Extract  of  Infornation  on 
Po ly • therether ketone  (PEEK)  Provided  by 
ICI  Advanced  Materials/LNP  Engineering  Plastics 

Exton,  PA 
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4.  TABLE  1  SUMMARY  OF  PROPERTIES 


F-ope'iy 

astm 

Teel  Method 

Umts 

HsK 

4«a 

®££K 

4506120 

?KK 

<SC5U0 

?t£K 

460CA30 

GENERAL  PROPERTIES 

form 

Sranuiir 

Cinn.i*t 

Ctanuiat 

Granular 

Density  (crystalline) 

0792 

j/emi 

132 

t  43 

148 

1.44 

(amerpftws; 

1  MS 

— 

— 

** 

Colour 

— 

— 

Cray 

Biown 

Brown 

Buck 

Finer  contam 

— 

* 

— 

20 

30 

X 

Typical  level  ot  cryxtiiliwty 

— 

% 

35 

55 

35 

35 

P-ccexsing  lemoerautre  tenge 

— 

•#» 

w 

350-380 

350-409 

370—400 

370— 40C 

(*f> 

1680-715) 

(860-715) 

(560—715) 

(560—715) 

water  iMorptun 

24  hour*  23*Ci73*ri 

0570 

* 

3.5 

— 

911 

006 

fdliillprlum  23*C(73*F) 

0570 

% 

95 

— 

— 

Mould  anrinKtge 

• 

<k 

vi 

0.7'— 14 

0.5 

or— 1.4 

MECHANICAL  PROPERTIES 


Flexural  moduli  23*C(73*F) 

0790 

gpi'bsi; 

166(539,500) 

£66(965200) 

’031(1495200) 

•10(1865.400) 

Flexural  modulus  25O*C.'460*F) 

0790 

SPslOll) 

0141500; 

12(174.000  • 

2.3(333.500) 

■6(22100! 

Filxutei  erratum  2J*C(73*F) 

0790 

MFe(psl) 

'7C04.7acr* 

13K2720O 

23313X600! 

2181461001  ■ 

Flexurti  strenotit  2S0*C(480*F) 

3790 

MFi(pai) 

115it200)'* 

53.7{7.500)~ 

7084103007" 

’362(1£200:" 

Teniiii  urenpn  23*Ct73*Fl 

0838 

MFt(pli) 

aarvxisjoo) 

’2318X17201) 

15713)02200) 

zaBiooioc; 

Sreax  or  view  25i*CM80*F) 

0638  Test  speed 

MFs(pn) 

'JtrHi.TXi 

340X3200! 

34.'BX4.900i 

43(81(61001 

5  mm/min. 

(02  In/rrln) 

Flonoel'on  at  presx  23*C(73*r) 

0636  Test  ipsed 

s 

50 

ii 

ii 

1  J 

5  mm/mln 

(02  ifl/min) 

elongation  at  yield  23*0(73*  F) 

0636  Tut  speed 

** 

49 

— 

— 

— 

5  mrn/flwt 

(02  m/mlni 

Snear  ttringm  (ultimate) 

03146 

MPatpsI! 

ft  0X2; 

— 

57T4,1U0> 

97(14,100)  ■ 

Snear  moduM  23*C(73**l 

— 

CPKpn) 

iJOimJOO; 

— 

2.40(348,000) 

— 

Tanaua  modulus  1%  *ew»  2TCC73*R 

0636 

OFltpsi) 

3  6(522. 190) 

7  00011200) 

9.7(1406.800 

i^tM6.40C: 

Ccmoreaiive  itrengm  2J*C(73*F):  0* 

568S 

MFstpstJ 

111(17,(00) 

-am  5oo 

?1 5(31.200) 

24004100) 

Ccmpr  estiva  strengn  23*C(73*  F):  90* 

annNI 

MPa(psi) 

179(77^00) 

; 34(19.400 

'49*1.600) 

*53(22.200; 

Cha/oy  impact  eoenjtn  23*C(73*F) 

98  2782 

Method  3SIA 

2  mmfO.080  ml  notch  rid  tv* 

KJ/m» 

34J 

— 

11.3 

7.8 

m-iS/in) 

(5  65: 

— 

(0.22) 

(015) 

0.25  mm(C  3iC  in)  notcn  radius 

— 

<J/m* 

82 

— 

89 

54 

(it-HWin) 

10.16) 

— 

•0.17) 

(0.11 

izoc  impact  etrenjm  23*C(7J*F) 

0256 

95 

Notched  (025  mm  mams.  2  5  nun  damn) 

4— 

Jim 

83 

OS 

96 

(11-16/ in) 

(1.55) 

(1.91) 

!1.») 

(18) 

(9.010  in  radius.  0.100  in  depot) 

Uneotcned 

— 

am 

mo  oraek 

673 

725 

749 

(ItJD/lft) 

(126) 

;i3« 

\l4.0l 

Poissons  ratio  23*C(73*f) 

3631 

— 

0.42 

mm 

0.45 

nocxwail  hardness 

Alcala 

3766 

— 

126 

125 

'24 

’24 

M  scale 

0765 

— 

99 

132 

103 

107 

THERMAL  PROPERTIES 

Malting  point 

*Cl*F) 

334(633) 

334(933) 

334(633) 

334(833) 

Gitaa  transition  tamptraiurs 

— 

*CCF) 

143(2601 

143(265) 

’43(2691 

143(219) 

Specific  neat 

-► 

cet/g  *C 

022 

— 

* 

Coefficient  at  thermal  expaniton 

0696 

ir/m/*C 

47  s  1(T» 

24xior* 

22  x  ’7« 

15  *  10"* 

106  x  tf» 

xt  >150*C 

• 

O300*F) 

heat  distortion  temperature  1 62  MFi 

0646 

•erf) 

160(329) 

2*5(545) 

315(190; 

315(900 

(264  IPf/in1) 

Thermal  eonouciwity 

077 

W/m*C 

a  a-  •' 

0.41 

043 

3.92 

Maxenum  cortnueve  aarvlee 

— 

‘crFi 

250(460) 

230(480! 

250(490: 

250(480! 

(emperature  (Eatimated 

ui’Oased  teal) 

•  Vojia  ii  dependent  an  fists  orientation  i'3  me  ,cw«r  iijur*  itlt’i  :o  ir-fnxag*  m  direct  ■on  at  non  c.nratof. 

•'  yfic  value  at  >  y.  tl'am  ;3)  •  3 tea* 

;t)*ii«d 


P^aany 

r«t;  Mathoa 

4SCC 

•50G  03 

?EEX 

iSiOUO 

!:S< 

«8SCA3 C 

FLAMMABILITY  PROPERTIES 

ftantmao'iny  Paling 

1  i5mmtQ.CS7  In)  th-ck  samp!* 

ULS4 

- 

y-o 

v-o* 

v-0 

v-0 

Limiting  Oxygtn  index 

0.4  mm'0.015  mi  thick  sampt* 

AS  TV  02383 

H  Of 

24 

— 

— 

3.2  mm(0.’2S  ,n)  track  aampi* 

ASTM  02883 

so, 

3S 

— 

— 

— 

Temperature  index 

32  iththO.125  in)  truck  temple 

Smoke  Oensdy  (DM* 

Satad  on 

ASTM  02863 

*CPfi 

>3250815; 

12  mmiO  125  in;  track  sample: 

H8S  Smsk* 

_ 

IS 

* 

s 

•taming  modi  nor, -(laming  msec 

Cfiamcar 

— 

2 

2 

— 

: 

i.5fflffl(0062;n;  truck  umpia. 

MBS  Smoxe 

— 

SO 

— 

— 

— 

(laming  moo*  non-iliming  mod* 

Tim#  to  90S  iOMX 

Cramot? 

5 

3.2  mmtO  12S  <nl  narrmg  moo* 
nick  sample 

NBS  Smoke 

:mn 

18 

i9 

- 

ts 

3  2  mmtaOS  in)  non  (taming  modi 
thkk  sample 

Chimtnr 

.Tin 

198 

OO.S  Min)  Value 

Planing 

NBS  Smokt 

• 

0 

0 

_ 

0 

Ncn-ttammg 

Ctiamoar 

— 

0 

0 

— 

0 

0(4  Min)  Value 

Earning 

NBS  Smok* 

• 

1 

— 

0 

Non-flaming 

TOklcity  index 
(0  g(0432  IU)  tamp;* 

Chambar 

0 

0 

c 

CO 

N6S  293 

0  074 

0.085 

_ 

0051 

co, 

sn  Cable 

— 

0«8 

0124 

— 

S  ’23 

Tata:  lor  an  gam  tmid 

0.22 

0  18 

— 

017 

electrical  properties 

Qinaetric  tt.’t'igm 

ASTM  CI1S 
(50m  film) 

xv/em 

ISO 

- 

- 

- 

Comparativi  tracking  indat  23*C 

17TP) 

33638 

volts 

ISO 

— 

175 

— 

t.SU  tangent  2rC(73*Fi  1H7 

SS  27V 

— 

0  003 

— 

— 

— 

Voiuma  ratiitivliy  23* Cl  73°*) 

0257 

onm-e’" 

4  9  *  «)« 

- 

11*  :0* 

Permit  Itvlty 

SO  HZ-10  KHt  UTOWFI 

SO  Mi  200*0(380*8) 

8S  2782 

SS  27*2 

— 

32-31 

15 

— 

- 

- 

•  Estimate  value 
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3  Summary  of 
Chemical  Resistance 


V;c!fGX  PEE K  exn  IV'S  exCP'U:’! 
*e«s;arsce  so  a  *ae  rer.se  o‘  u'gar.ic 
and  norganic  c'c-r^cais 

Tine  ccfPoa;:t3iiity  c{  'rict'ex  PEEK 
A-.ih  ma-.v  cncm-cais  at  2‘-'D  (36‘F; 
nas  seen  mvest.gatea  anc  t^a  results 
fo*  u.nreintorccd  fracas  are  given  r- 
Table  i 

These  results  are  derived  from  rests  m 
which  jnstressea  specimens  were 
completely  immersed  ir,  a  wide  range 
of  chemrcai  environments  at  room 
temperature  They  may  arte' 
considerably  from  those  tO'-no  in 


service  especially  n  me  ohecis  s' 

V.  .5SSOS  and  strains  set  up  curing 
‘atrication  ana  o'  eievatec 
temoeratures  Tnese  conoticrs 
oartcu:a.*  •/  ihcsecf  stress  ana  sr-a.r' 
are  crit.cut  w  reproduce  .r.  the 
aoorarsrv  T&bts  1,  therefore  s-c>c 
c&  used  only  as  a  gu.-ca.  anc  me  user 
srouta  satis*/  nimsei?  beferenand  sr 
the  surtaoiMy  of  -Vicirsx'  P£E<  for  ;re 
in-service  environment 

Some  resuits  at  mgher  temperatures 
are  available:  these  are  given  in 
Table  2. 


Table  1  The  Chemical  Resistance  of  Unrein  forced  ‘Vlctre*1  PfilK  480Q  at  20°C  (88'F) 

i  hi  . t  pi  ir  ~  ~  hi  rn  i  7  ~  ‘TV*:* V*?*?? ax’?"*  .v  ■ 

.:Tctiimlcal *  fitting  Chemw-J  ‘^t#/*** . 


Acetaldehyde 

A 

Ethane 

Acetic  ac>d 

A 

Ethanol 

Acetone 

A 

Ethyl  acetate 

Acetonitrile 

A 

Ethyl  aicoho! 

Acrylic  add 

A 

Ethylene  oxide 

Aluminium  suiphaie 

A 

Ferric  oxide 

Ammonia,  anhydrous 

A 

Ammonia  (liquid) 

S 

Ferric  sulphate 

Ammonium  hydrox.de  cone 

A 

Fluonna 

Aqua -regia 

W 

Formic  aetd 

Formalin 

Benzene 

A 

Benzoic  acid 

A 

Gas  (natural) 

Benzaloehyde 

A 

Gas  (manufactured 

Bromine/dibramoethane 

C 

Gasoline  (sour) 

Bromine  (dry) 

c 

Glycols 

Bromine  (wet) 

/"* 

w 

Heptane 

Boric  acic 

A 

Butane 

A 

Hexane 

Hydraulic  oil 

Calcium  carbonate 

A 

Hydrochloric  acid 

Calcium  entoride 

A 

Hydrobromicadd 

Calcium  hydroxide 

A 

Hydrofluoric  acid 

Carbolic  add 

A 

Hydrogenparcxiae 

Carbonic  acid 

A 

Hydrogen  suiohiae  (gas) 

Carbon  dioxide  (ary) 

A 

iodine 

Carbon  tetrachloride 

A 

Chlorinated  solvents 

5 

iso-octane 

Cntorine(gas) 

Chtortnef  liquid) 

A 

C 

Kerosine 

Chlorobenzene 

A 

Ketones 

Chloroform 

A 

Crude  oil 

A 

Lactic  acid 

Cyciohexane 

A 

Magnesium  chcriae 

Chromic  add  (40%) 

A 

Chlorine  water  (sat) 

** 

V* 

Magnesium  hydroxide 
Maleic  acid 

Ciethviamir.e 

A 

Methane 

Diethyl  ether 

A 

Methanol 

Oimemytformamide 

A 

Methyl  alconoi 

Diphenyl  suiphone 

5 

Methyl  ethyl  ketone 
Methylene  chionde 

A  Nitric  acid  (10%)  * 

a  Nitric  acid  (30%)  2 

A  Nit'ooenrtene  A 

A  Nitrogen  A 

A  N.trousacicftO%)  A 


A  Oxygen 
A  Ozena 
C 

B  Paraffin 
A  Pentane 

Percnicroethyiene 
A  Phenol  (dilute) 

A  Phene*  (ccnc) 

A  PhosoncncacicOOVi 
A  Phosonor;cacic(£C%) 
Phosphoric  acid  (8G%) 

A  Phthancactc 
A  Potassium  cnionde 
A  Potassium  hydroxide  (dilute) 
A  Potassium  hydroxide  (70%) 
C  Potassium  sulphate 
C  Propane 
A  Propanol 
A 

Sodium  (hot! 

B  Sodium  caroor.ate 
A  Sodium  hydroxide 
Sodium  nypochlorite 
A  Styrene  (iiduid) 

A  Sulphur  hexahuonde  (gssi 
Sulphuric  acid  (up  tc  40%) 

A  Suipnunc  acid  (40%) 

9  Tetraethyllead 
A  Toluene 
A  Trichloroetnyiene 
A  t  i  1  Trlcnioroethane 
A  TKchlorothfuoroetr.ane 
A 

A  water 
A 

Xylene 


A 

A 


A 

A 

A 

A 

V 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

c 

A 

A 

A 

A 

A 


A 

A 

A 

A 

A 


A 

A 


Zinc  chloride  A 

Zinc  sulphate  a 


A  -  No  attack  Uttie  or  no  acscrption 

8  *  Slight  attack  Satisfactory  cse  of  Victrex'  PEEK  wii  esparto  on  rs  apciication 
C  -  Severe  attack  -victrex  PEEK  should  rot  o»  a  sac  for  any  3pct.cat.cn  A.nere  these  cnemicas  are  present 


42 


5  Resistance  to 
Inorganic  Chemicals 

Victrex  PEEK  snows  excellent 
resistance  to  mcrganc  cnermcats  anc 
exhibits  good  retention  ot  mechanical 
properties  after  *ong  term  exposure 

Unremforced  graaes  of  Victrex  PEEK 
are  very  resistant  tc  attacx  oy 
•norgan-c  chemicals.  At  r.:gn 
temperatures,  they  are  affected  to 
some  extent  0y  strong  acids  and 
aixalts.  including  sulphuric  acid, 
sodium  hydroxide  and  ammonia 


Acios  car.  cause  embiiniemani  cu' 
nave  time  effect  on  stiffness  coin 
acids  ana  aikais  may  result  in  some 
'oss  ol  tensi'e  st?engtn.  G-’ass  no  re 
icintcfc6d  graces  ct  'Victrex  PEEK 
a'e  more  resistant  to  ao&c  cr.emicais 
than  are  unreimorcec  grades.  On  the 
other  hand,  strong  aixaiis  nave  a  more 
cronounced  sf'ect  on  glass  fibre 
reinforced  graces,  causing  changes 
in  weight  ar.Q  dimensions,  as  wen  as 
a  reduction  in  mechanical  properties 
in  the  most  extreme  cases 

The  bearing  grace.  Victrex'  PEEK 
450FC30.  ia  mere  chemically 


•asistant  tnan  9imer  me  giass 
ramtorcae  or  unramrcrcec 
equivalents.  Phvsica1  char-gas  ana 
changes  n  mecnan'ca-  procenes 
are  rr.nir.ai  As  with  me  giass  ‘ 
lemtorcso  graces  ms ehect  c! 
strong  ainai.s  s  mere  proncuncac 
m  an  mat  o*  ac.cs 

The  effect  ot  various  marganic 
chemicals  c r.  the  physics-  and 
mechanical  properties  o< 
unreinforoed  and  reinforced  graces 
of  Victrex  PEEK  !s  shown  in 
Tables  6  -i  5. 


Table  0  Weight  end  Dimensional  Changes  of  *  Victrex’  PEEK  1S0G  altar  immersion  in  inorganic  Chemicals 
for  Seven  Days  at  200*C  (420* F) 


Pnosphor  ic  acia  (50%) 


Sulphuric  acid  (50%) 


Sodium  hydroxide  solution  (50%; 


Liauid  ammonia 


Sulphur  ciicxide  gas 


Hydrogen  sulphide  gas 


Carbon  monoxide  gas 


f  Ammonia  gas 


N/C  »  No  change 

Table  7  Effect  on  Mechanical  Properttea  of  ‘Victrex’  PEEK  1500  ot 
tmmeralon  in  Inorganic  Chemleaia  for  Seven  Oaya  at  200*C  (420'P) 


t  -  None  flow  Oi reaw 
y  •  oar  to  *.ow  tf'scton 
;  -  intc-g*  a.r^ci.on 


°T  W  / 1 


tJhcsphor.caci0;5C%) 

’08(15.680) 

: 

103 

34(493.000) 

|  SJphancaoc  (50%) 

66(9.570) 

S3 

i 

4.3(823.530! 

Sodiunnyeroxicesar  (50%) 

[ 

63(9.089) 

i 

1-  ■  -  i 

2.5(360.024) 

j  Liquid  anrrxm  ! 

_  _ L 

37(12.68' ) 

30  | 

3  7 1537.600) 

!  1 

Retention  of  - 
.  orfglnai  value%  i 

;  Songsttonat-  . 

1  5n*x%  I 

1  -  -  J 

Retention  of 
ortgmil  v*uo  \  ! 

1 

92 

t  1  j 

1  ! 

:57  j  | 

:  i 

Sulphur  dioxide  gw 


Table  8  Weight  end  Dimensional  Changes  of  'Victrex'  PEEK 150GL30  attar  immersion  in  inorganic  Chemicals 
for  Seven  Oaye  at  200*C  (420 *F) 


i  L'QutG  ammonia 


Sulphur  dioxide  gas 

N/C 

Hydrogen  sulphide  gas 

r 

tJC 

Carbon  monoxide  gas 

-01  j 

Ammonia  gas 

-0.1 

N/C  *  No  cnarge 


*  -  *>cng  flow  <k«w 

*  -  90*  M  Kjw  aifXCtW 

:  a  (hWjflf!  tniCHnew  ovecnei 


Table  S  Effect  on  Mechanical  Properties  of  ‘Victrex*  PEEK  1S0GL3Q  after  immersion 
in  Inorganic  Chemicals  for  Seven  Days  at  200*C  (420°F) 
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6  Resistance  to  Organic 
Chemicals 


Because  of  its  semi-crystal  itne 
nature  Victrex'  PEEK  otters  excellent 
resistance  to  organic  chemicais  ano 
commonly  usea  solvents  and 
exhibits  gooa  retention  of  mecnanicsi 
properties  after  tong  term  exposure 
At  hign  temperatures,  some  reagents 
will  neve  an  effect  on  we>gnt.  dimen¬ 
sions  and  mechanics:  properties:  in 


particular  rr.etnyl  etr.yi  ketone  anc 
p'tro&enzene  can  have  a  significant 
effect  on  weight  ano  dimensions,  end 
result  m  piastic:3aticn  cf  the  poiymer 

Glass  fibre  reinforced  graces  are 
'-ess  affected  ana  the  bearing  grade 
A5CFC30  even  ess  so 


"Tne  ettect  o:  30m*  organic  crem'cais 
on  tne  physical  and  mechanical 
properties  of  ‘V-ctrex  PEEK  :s 
snown  ip  Tables  6-25 


Tapia  is  Weight  and  Olmeneionat  Changes  of  ‘Victrex’  PEEK  1500  etter  tmmsreion  in  Organic  Chemical* 
for  Seven  Days  at  200«C  (420*P) 


!  Environment  ^ 

*'  $  sit 

,'J**  ■•■  ve*  “t,”  »■  v . .-. „  -.  r  «i  .  *  ”•  , 

***?£•■  :  Change  In  dimensioned  .  ^ -j 

lLL*  ’  77 _ _2 _ _ _ _ ! _ _ li _ ! 

**  *>•/*  'v 

.7* * y  2  *  ...  ".'4—  • -** 

-  ••  1  '  •  ■*••  •.  J.  •  '  *  . 

.  V  •  -•  .’t' ..'«*-•/  ‘  *  ‘  V; 

•N  •  •  *-  * 

■  V  . 

*  „•  *  *  *-:w  c**  - 

.*  '  *  ’V-W  **■  * 

1 ,  r  „  r  ?■£  •' . 

r* ..  ,  ■  .  ■  « ..  ..  .  i 

"i\ ■  zx-.*- -  • 

Acetic  acid  (pure; 

■*■2.2 

1 

1 

Ethylene  glycol 

•*■25 

-02 

1 

.VC  j  N/C  , 

!  i 

Metnvietnyl  ketone 

. 

>09 

-2  0  |  -3.2  j 

1  ! 

Nitrobenzene 

-*■15.6 

>2.8 

.. 

Methane 

-°4 

-0.3 

-0.1  j  vc  j 

i  ! 

1  i 

N/C  ■  No  change 


*  »  awns  Mew  dirae*«fi 
y  «  90*,ct!0wOiiacc  on 
2  •  rfiro-sh  Tnick.fi***  axtafW. 


Table  17  Effect  an  Mechanical  Propertieaof  *V!ctrex'  PEEK  1500  of  Immersion  in  Organic  Chemical* 
after  Seven  Days  at  200*C  (420*F) 
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51 
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. i 
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7  Resistance  to 
Refrigerants 

Victrex’  PEEK  is  resistant  to  attack 
by  haiogenated  hydrocarbon 
solvents  and  refrigerants. 


Table  26  Weight  Change  of  'Victrex'  PEEK  after  immersion  In  Various  Arcton'  Refrigaranta  for  Seven  Days 
at  23*C  (7TF) 


Grade 

‘  /  Weight  changes  1 

_ _ _ _ _ J 

‘Arcton’ 11 

'Arcton*  12 

•  •  . 

'Arcton*  22 

' 

i 

•Arcton' 114 

450G 

0.0 

N/A 

nC  ' 

60  1 

450GL30 

L . _ J 

-0.05 

0.0 

; 

C.O 

460CA30 

O 

o 

+0.05 

+0.09 

+007  j 

N/A  »  Not  available 


Table  27  Percentage  Change  In  Mechanical  Properties  of  ‘Vletrex'  PEEK 
after  Immersion  In  ‘Arcton’  At34a*  for  Fourteen  Days  st  iOO*C  (212*F) 


r- - -  ”• 

Grade  . 

— r^T- — • - r-rrr — r»  -■'-’h  • — 

Changes 

1 

hmmhrb 

Fleximi  modulus  j 

450G 

+9.3 

+70 

450OUC 

+4.0 

+0.4 

1 

450FC30 

+  10.0 

-13.8 

“Ardor  Ai34a  is  a  novel  "environment  friendly"  refrigerant  developed  by  tCI. 


8  Resistance  to 
Aviation  and 
Automotive  Fluids 

Botn  unrsiniorced  and  reinforced 
Victrex'  PEEK  shew  excellent 
resistance,  even  at  elevated 
temperatures,  to  the  majority  cf 
substances  encountered  m  the 
aviation  and  automotive  areas:  may 
nciude  hydrocarbon  and  mineral 
o;i9.  greases  ar,o  transmission 
fluids. 

Resistance  to  Avietion  Fluids 

Victrex  PEEK  nas  excellent 
■esistance  to  Skydroi'  5C08-4  ana 
l04  nyaraulic  *iu:ds  as  car  oe  seer 
'rom  Figures  2  ■  ~  ana  Tables  28 
arp  29. 
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APPENDIX  D 


Information  on  Polychlorotrifluoroathylana  (CTFE) 

Provided  by 
Allied  Signal 


ACLAR  can  be  heat-sealed,  laminated,  printed,  thermoformed,  metallized, 
and  sterilized.  The  unsupported  and  laminated  varieties  can  be  handled  and 
processed  on  most  common  converting  and  packaging  machinery. 

Very  few  films  combine  so  many  desirable  qualities  as  ACLAR.  It  is: 

-  Unsurpassed  in  moisture  barrier  protection;  up  to  ten  times  more  moisture 

protection  than  other  clear,  flexible  films _ 

-  FDA  recognized.  Applicable  regulation  #21CFRT77.1380.  Drug  Master  File 

No,  1578. _ 

-  Crystal  clear _ 

-  Chemically  stable  and  biochemically  inert _ 

“  Plasticizer  and  stabilizer  free _ 

-  Transparent  to  ultraviolet  radiation _ 

-  Nonflammable _ 

-  Nonstickinq _ _ 

~  Non-aging _ 

-  Low  in  dielectric  constant  and  dissipation;  high  in  dielectric  strength _ 

Grades 

ACLAR  MA  is  a  copolymer  film  consisting  primarily  of  CTFE.  It  is  used 
primarily  for  pharmaceutical  packaging  applications.  ACLAR  22A  film 
thermoforms  at  a  lower  temperature  than  ACLAR  33C  and  may  be 
formed  on  a  vacuum  forming  machine.  ACLAR  22A  provides  excellent 
moisture  barrier  properties.  Standard  product  thicknesses  include  .0015" 
and  .005". 

ACLAR  88A  is  a  copolymer  film  consisting  primarily  of  CTFE.  It  is  used 
primarily  for  pharmaceutical  packaging  applications  as  well.  This  pro¬ 
duct  thermoforms  at  the  same  temperature  and  on  identical  equipment 
as  ACLAR  22A.  It  is  available  in  the  thickness  of  .00075"  only. 

ACLAR  22C  is  a  copolymer  film  consisting  primarily  of  CTFE.  It  is  used 
primarily  as  an  encapsulating  film  for  electroluminescent  lamps  and  for 
clean  room  packaging.  Standard  product  thicknesses  include  .002', 

.003",  .005",  .0075",  and  .01" 

ACLAR  33C  is  a  terpolymerfilm  consisting  primarily  of  CTFE.  It  is  used 
primarily  for  military  ana  pharmaceutical  packaging  applications.  It 
thermoforms  satisfactorily  on  equipment  having  a  pre-heat  station  and 
a  plug  assist  system.  ACLAR  33C  provides  superior  moisture  barrier 
properties.  It  is  available  in  standard  thicknesses  of  .00075",  .001"  .002", 
.003",  .005",  and  .0075". 


ACLAR  Landncrtiom — Laminated  structures  containing  various 
grades  of  ACLAR  film  are  available  for  a  variety  of  end-use  applications. 
Please  ask  your  ACLAR  specialist  for  more  details. 
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Typical  Pr ooerries 

ACLAR*  CTFE  film  is  a  clear,  flexible  thermoplastic  film  with  excellent 
dimensional  stability.  It  is  unsurpassed  as  a  transparent  packaging 
material  for  moisture  sensitive  products.  Key  physical  and  thermal  prop¬ 
erties  of  ACLAR*  film  products  are  summarized  below. 


ACLAR  MA 

3 

1 

I  ACLAR22C  ! 

|  ! 

e mm 

Tm»  Method 

Gauge,  Mils 

.75 

1.5 

7.5  i 

.75  ■ 

(Microns) 

(19) 

(38) 

(190)  | 

(19) 

Yield,  Sq.  In./Lb. 

17,760 

i  8880 

1750  i 

17,360 

(m2/Kg) 

(25.25)  | 

!  (12.62)  | 

(2.49)  ! 

(24.68) 

Specific  Gravity 

2.10 

I  2.10  1 

2.11  i 

2.12 

ASTMD-1505 

Haze,  %  !  <1  | _ <11 _ <11 _ <1  !  ASTMD-1003 


Tensile  Strength  MD,  Psi  i  7.0- 10.0  xIO3  I  7.5 — 1 1  .Ox  103  I  4.0-6.0xl03  i  9.5— 11.5x1 03  ASTMD-882 

(KPa)  j  (48.3 — 69  x  1 03)  j  (51. 7-75.9  x  103}  |  (27.6— 41.4  x  103)  j  (65.5-79.3  x  103)  ; 

TD,  Psi  I  4 .0-6.0  x  103  !  5.5-8.0xl03  i  4.0-6.0xl03  5.5-8.0xl03 

(KPa)  (27.6-41.4x  103)  '  (37.9-55.2  x  103)  !  (27.6-4 1.4  x  103)  M37.9-55.2xl03) _ 


Elongation,  %  MD  1 50-250 

TD  1  200-300 

1  115-225  200-300  i  50-150  ASTMD-882 

|  200-300  1  200-300  1  50-150 

Young's  Mod.  MD,  Psi 

(KPa) 

TD,  Psi 
(KPa) 

,  140-160x 103 
!  (97-1  lOx  104) 

120-140x 103 
(83.7-97  x  10*) 

1  1 40 —  1 60 x  1 03  !  130-160x  103  190-200xl03  ASTMD-882 

(97-110x10*)!  (90-110x10*)  i  131-138x10*) 

150-160x  103  i  130-160x  103  !  190-200xl03 
(104-1  lOx  10*)  |  (90-1  lOx  10*)  |  (131— 138x  10*) 

TearStrength-lnit.  MD 
(Graves),  gm  TD 

240 

300 

380  1  465  1  400  i  ASTMD-1004 

360  !  415  I  380  , 

Tear  Strength,  MD 

Propagated  TD 

(Elmendorf),gm 

24 

24 

40 

130 

>1600 

>1600 

12  .  ASTMD-1922 

33  ; 

Impact  Strength 
(Dart  drop) 

Failure  Weight,  gms 

i 

1 

1 

1 

I 

93 

(Method  "A") 

! 

| 

347  !  1200  !  <57  ASTM-1709 

(Method  "A")  !  (Method  "B")  |  (Method  "A")  "A"— 26",  1 .5” 

diam.  dart 
(66  cm,  3.8  cm 

j  i  diam.  dart) 

"B* — 60",  2" 

!  diam.  dart 

(152cm, 5.1  cm 

J  ;  diam.  dart) 

Dimensional  MD  j  +  1 2  to  +  1 5 

Change,  %  TD  -  1 2  to  -  1 5 

+  12to  + 15  |  <2  i  «2.5  ASTMD-1204 

-  12  to  -  15  i  <2  1  =s2.5  300°F  ( 1 49°C)  1 0  min 

Crystalline  TM°F  361-367 

Melting  Point  (°C)  ;  (183-186) 

361-367 

(183-186) 

361-367  1  396-400  i 

(183-186)  i  (202-204) 

Abrasion  Resistance 

Weight  loss,  mgs. 

14(A) 

16(A) 

7(A) 

! 

15(B)  i  Taber abraser 

"A* — CS  lOwheel 
500  gm- 100  cycles 
“B'— CS  10F  wheel 
500  gm  -  500  cycles 

Therm.  Conduct.  Cal-Cm/ 

Cm3-Sec-C°! 

5.3  x  10”* 

5.3  x  10"  5.3 x  10"  4.7x10" 

Flammability  1  Non  Flam  i 

Non  Flam  i  Non  Flam  i  Non  Flam  i  ASTM  D-568 

Oxygen  Index,  %  |  100 

100  I  100  1  100  i  ASTMD-2863 
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’’ermeaoiiifv 


ACLAR  has  an  outstanding  ability  to  prevent  the  passage  of  water  vapor  and 
liquids.  This  means  that  ACLAR  gives  superb  product  protection  and, 
because  of  its  transparency,  permits  inspection  viewing  of  the  product  at  the 
same  time.  These  combined  properties  nave  inspired  imaginative  new  prod¬ 
uct  designs  for  moisture-sensitive  items. 


Gm/100ln.2/24Hrs. 

iRato* 

Gm/m2/24Hrs. 

19  |x 

0.51 

±.08 

2.0  mil 

.015  (±.005) 

51  fi. 

0.23 

±.08 

ACLAR  22C  1.0  mil 

.045 

±.015 

25.4  (j. 

0.70 

±.23 

2.0  mil 

.028 

±.012 

51.0  n 

0.43 

±.19 

7.5  mil 

.007 

±.001 

190.0^1 

0.11 

±.02 

ACLAR  22A  1.5  mil 

.030 

±.01) 

38  (i 

0.47 

±.15) 

ACLAR  88A  0.75  mil  .050  ( ±  .005)  19  jjl  0.78  ( i  .08) 


‘Measured  on  sealed  pouches  @ 
100°F  @  90%  RH. 

ASTME-96  Method  C 


Motor  Vapor  hannaiii 

ik  Typical  ACLAR  Li— fcioHw** 

Gm/100  ln.2/24  hrs. 

Gm/m2/24  hrs. 

1 .5  mil  ACLAR  22A/2  PE/7  Vs  PVC 

0.022 

0.34 

0.75  mil  ACLAR  8RA/2  PE/7  Vs  PVC 

0.031 

0.48 

0.75  mil  ACLAR  33C/10  PVC 

0.018 

0.28 

••Measured  on  a  MOCON  PERMATRAN  @ 
100°F@90%  RH. 

ASTM-F372-78 
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WMor  Vapor  ftaraabsiea  OdlhasniiiiM 

gm-mil/ 1  CX)in724  hrs.  @  1 00°F  @  90%  RH  cc  (STPJ  mil/ 1 00  in2/24  hr-ATM  @  77°F 
(gm-mm/mV24  hrs  @  37.8°C  @  90%  RH)  (cc  (STP)-mm/m724  hr-ATM  @  25°  C) 


O. 

Hi 

CO. 

i  amiMMi 

See  table  at  left 

7 

— 

16 

(2.8) 

— 

(6.3) 

Acuumc 

See  table  at  left 

15 

2.5 

40 

(5.9) 

(1-0) 

(15.7) 

ACUI22A 

See  table  at  left 

12 

2.5 

30 

(4.7) 

(1.0) 

(12.0) 

PVC/PVdC 

0.20-0.6 

0.8-6.9 

0.12-1.5 

38-44 

copolymer 

(0.08-0.24) 

(0.3-2.7) 

(0.05-0.6) 

(15-17) 

Polyethylene  Low  density 

1.0-1. 5 

500 

180 

2700 

(0.39-0.59) 

(195) 

(71) 

(1060) 

Medium  density  0.7 

250-535 

85-315 

100-2500 

(0.28) 

(100-210) 

(35-125) 

(40-985) 

High  density 

0.3 

185 

42 

580 

(0.12) 

(73) 

(17) 

(230) 

CAPRANV7C 

19-20 

2.6 

0.9 

4.7 

(Nylon  6) 

(7.5— 7.9) 

(1.0) 

(0.35) 

(1.9) 

Fluorinated  ethylene 

0.4 

750 

320 

1670 

propylene 

(0.16) 

(295) 

(125) 

(660) 

Polyvinyl  fluoride 

3.24 

3.0 

0.25 

11 

(1.3) 

(1-2) 

(.10) 

(4.3) 

Polyvinylidene  fluoride 

2.6* 

1.4 

9 

5.5 

(1.0) 

(.55) 

(3.5) 

(2.2) 

Polyester — PET 

1.0-1. 3 

3.Q-6.0 

0.7-1. 0 

15-25 

oriented 

(.39— .51 ) 

(1. 2-2.4) 

(0.28-0.39) 

(5.9-9.8) 

*23°C 

CAPRAN* is  a  registered  trademark  of  Allied-Signal  Corp. 


Chemical  Uesis7ance 


ACLAR  resists  attack  by  most  industrial  chemicals — acids,  alkalis,  and 
many  solvents.  Exceptions  include  alkali  metal  complexes  and  organic 
amines.  A  certain  few  materials  such  as  highly  chlorinated-fluorinated  sol¬ 
vents,  nitrogen  tetroxide,  and  chlorine  gas  tend  to  plasticize  the  film. 
Silicones  tend  to  induce  stress  cracking. 

The  following  table  reports  the  effect  of  many  chemicals  on  ACLAR.  Speci¬ 
mens  were  exposed  for  two  weeks  at  ambient  temperatures. 


OMMMrtmc.ltabl. 

■  *  ■ 

RNnVfnH 

Average  Weight  Increase  ( %) 

ACLAR  22  AM  ACLAR  33 

Visible  Effect  on  Sample 

ACLAR  22  A  SR  ACLAR  33 

Acetic  Acid  (3%) 

None 

None 

None 

None 

Acetic  Acid  (Glacial) 

0.09 

0.03 

None 

None 

Acetone 

5.17 

0.5 

Clouded,  extremely 
flexible 

None 

Acetophenone 

None 

None 

None 

None 

Ammonium  Hydroxide 

None 

None 

None 

None 

Aniline 

0.01 

None 

None 

None 

Aqua  Regia 

0.10 

0.04 

Clear,  yellow 
discoloration 

None 

Benzaldehyde 

0.02 

None 

None 

None 

Benzene 

2.4 

0.6 

Clouded,  flexible 

None 

Benzoyl  Chloride 

0.14 

None 

None 

None 

Bromine 

0.15 

0.1 

Clear,  amber 
discoloration 

Clear,  amber 
discoloration 

Butyl  Alcohol 

— 

None 

— 

None 

Carbon  Disulfide  (ACS) 

0.4 

0.2 

Clouded 

None 

Carbon  Tetrachloride 

4.1 

1.6 

Flexible 

Slightly  flexible 

Citric  Acid  (3%) 

None 

None 

None 

None 

Cyclohexanone 

0.35 

None 

Clouded 

None 

1 , 2-Dichloroethane 

0.11 

0.03 

Clouded 

None 

2, 4-Dichlorotoluene 

0.15 

0.06 

Clouded 

None 

Diethyl  Phthalate 

None 

None 

Clouded 

None 

Dimethylhydrazine  (anhy.) 

3.9 

1.8 

Blistered 

Amber  discoloration 

Dioxan 

1.9 

0.15 

Flexible 

None 

Ethyl  Acetate 

7.65 

6.0 

Extremely  flexible 

Very  flexible 

Ethyl  Alcohol  (Anhyd.  Denat.) 

None 

None 

None 

None 

Ethyl  Ether 

5.6 

5.2 

Clouded, 
extremely  flexible 

Very  flexible 

Ethylene  Oxide 

5.8 

4.0 

Clouded, 
extremely  flexible 

Very  flexible 

Formic  Acid 

None 

None 

None 

None 

Furan,B.R31°-32°C. 

5.4 

3.7 

Smokey 
discoloration, 
extremely  flexible 

Very  flexible 

Gasoline  (Premium  Grade) 

0.83 

0.2 

Clear,  amber 
discoloration 

None 

Heptane 

None 

None 

Slightly  clouded 

None 

Hexachloroacetone — 

20%  Deeprock  Heavy  Cycle  Oil 
(35-40%  Aromatic) 

None 

None 

None 

None 
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Average  Weight  Increase  (%) 

AGLAB22  AM  ACLAB33 

Visible  Effect  on  Sample 

ACLAA22  AM  ACLAA33 

Hexachloroacetone — 

20%  Kerosene 

None 

None 

None 

None 

Hydraulic  Fluid 
(Monsanto  Fluid  OS-45) 

None 

None 

None 

None 

Hydraulic  Fluid 
(Monsanto  Pydraul  F9) 

None 

None 

None 

None 

Hydrochloric  Acid  ( 1 0%) 

None 

None 

None 

None 

Hydrochloric  Acid  (Cone.  36%) 

None 

None 

None 

None 

Ffydrofluoric  Acid  (60%) 

None 

None 

None 

None 

Hydrogen  Peroxide  (30%) 

0.23 

None 

Clouded 

None 

JP-4  Referee  Grade 

0.09 

0.03 

None 

None 

JP-4  Flight  Grade 

0.02 

0.01 

None 

None 

Lactic  Acid  (3%) 

None 

None 

None 

None 

Liquid  Oxygen 

— 

— 

Passes  lox 
impaettest 

Passes  lox 
impaettest 

Malathion  EM-J 

0.05 

None 

None 

None 

Methanol 

0.10 

None 

None 

None 

Methyl  Ethyl  Ketone 

5.9 

1.2 

Extremely  flexible 

Slightly  flexible 

Nitric  Acid  (10%) 

None 

None 

None 

None 

Nitric  Acid  (Cone.  70%) 

None 

None 

None 

None 

Nitric  Acid  (Red  Fuming) 

0.07 

0.04 

None 

None 

Nitric  Acid  (Cone.) — 
Hydrofluoric  Acid  (60%)  (50:50) 

None 

None 

None 

None 

Nitrogen  Tetroxide 

— 

— 

Flexible,  yellow 
discoloration 

Flexible,  yellow 
discoloration 

Oil  (Motor  Premium  Grade) 

0.01 

0.01 

None 

None 

2, 4-Penfanedione 

0.17 

0.20 

Clouded 

None 

Pyridine 

0.55 

0.1 

Clouded 

None 

Sodium  Hydroxide  (50%) 

None 

None 

None 

None 

Sodium  Hypochlorite 

None 

None 

None 

None 

Sulfuric  Acid  (30%) 

None 

None 

None 

None 

Sulfuric  Acid  (Fuming  20%) 

0.03 

0.02 

None 

None 

Toluene 

2.8 

1.1 

Flexible 

Slightly  flexible 

Toluene  Diisocyanate 

0.44 

— 

None 

— 

1,1, 2-Trichloroethane  (Tech.) 

0.04 

0.02 

Clouded 

None 

Trichloroethylene 

10.9 

7.8 

Clouded, 
extremely  flexible 

Clear, 
very  flexible 

Trichlorotnfluoroethane 
(Genesolv  D) 

— 

— 

Cloudy, 

extremely  flexible 

Cloudy, 
very  flexible 

Triethylaluminum 

0.13 

0.01 

Slightly  crazed 

Slightly  crazed 
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APPENDIX  E 


Information  on  Polyvinylidene  fluoride  (PVFZ,  kynar) 

Provided  by 
so Item  Polymer 
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Wide  range  of  products 


HOMOPOLYMERS 


TYPE 

APPEARANCE 

CHARACTERISTICS  ANO  MAIN  USAGES 

Series  1000 

Virgin  resins 

SOLEF  1006 

translucent 

Applications  requiring  high  fluidity : 

MulMilaments,  injection  moulding  ot  parts  with  very  thin  wails. 

SOLEF  1008 

translucent 

Injection  moulding  -  general : 

Injection  moulding  ot  complicated  shapes  or  thin  walls. 

Extiusion  ot  thin  wails,  particularly  ol  tubes  <  8  mm  diameter. 

Transfer  and  centrifugal  moulding 

Film  extiusion. 

SOLEF  1010 

translucent 

Standard  grade. 

General  extrusion  and  injection  moulding 

Extiusion  ot  tubes,  films,  sheets  and  thin  panels  (5  jim  *  12  mm). 

Compression  and  transfer  moulding 

Blow  moulding  of  films  (5  to  100  pm)  and  hollow  objects. 

SOLEF  1012 

translucent 

Applications  where  low  fluidity  is  required : 

Extiusion  of  thick  walls,  particularly  for  large  diameter  tubes  and  heavy  sections. 
Compression  moulding 

Series  6000 

Improved  thermal  stability  virgin  resins 

SOLEF  6010 

translucent 

Thick  semHindhed  items. 

Series  4000 

Pigmented  master  batches,  to  be  diluted  ten  times  (25  colours  available). 

Series  3000 

Compounds  for  special  applications 

SOLEF  3108 

black 

Anti-static :  formula  reinforced  with  carbon  black. 

Extiusion  or  injection  moulding  of  antistatic  units. 

SOLEF  3208 

translucent 

SeIHubricating:  formula  lubricated  with  PTFE. 

Applications  requwing  low  friction  coefficient  (eg.  valve  sealings). 

Series  8000 

Reinforced  grades  to  obtain  a  high  dimensional  stability 

SOLEF  8808 

black 

Grade  reinforced  with  carbon  fibres. 

Applications  requiring  extremely  high  rigidity. 

SOLEF  8908 

brown 

Grade  reinforced  with  mica. 

Applications  requiring  very  high  rigidity  and  low  warpage. 

Series  5000 

Special  size  graded  powders 

SOLEF  5008 

translucent 

Top  coat  for  electrostatic  powder  spraying 

SOLEF  5508 

red 

Primer  for  electrostatic  powder  spraying. 

SOLEF  5708 

translucent 

Rotational  moulding  grade. 

COPOLYMERS 


TYPE 


APPEARANCE 


CHARACTERISTICS  AND  MAIN  USAGES 


SOLEF  11010 


SOLEF  11010/0003 


translucent 


translucent 


Virgin  resin. 
For  use  wnere 
electric  and 


Oewtortity  and  very  nigh  elongation  at  break  are  required : 
cable  sheathing,  extrusion  of  streets. 


Electric  and  telephone  caOlea  requiring  good  resistance  to  flame  spreading  and  low 
smoke  emission  (approved  by  trie  UNDERWRITERS  LABORATORIES  lor  Ul  910 
and  UL  94  v-0  tests). 


Other  grades  are  available  on  request  lor  soecilic  uses. 
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Very  high  performance 


Table  1  -  Main  characteristics  of  SOLEF  PVDF 


in 

MM 

ion 

3100 

3201 

an 

an 

11010 

nVBfflES 

(tTUMM 

IMIS 

SOS- 

Mill- 

ami. 

aeasoca 

RGHRVCQ 

canuan 

■UB1BM 

Exnusaa 

nssco 

STATE 

ncm 

c r 

MCA 

PHYSICAL.  PROPERTIES 

Density 

ASTMD  792 

g/cm4 

1.78 

1.73 

1.78 

1.78 

134 

1.77 

Water  absorption  (24  h  at  23X) 

ASTMD  570 

% 

<  004 

007 

004 

005 

004 

<004 

Refractive  index  at  23'C 

ASTMD  542 

- 

1.42 

“ 

• 

* 

1.41 

Melt  flow  index 

ASTM  0  1238 

■1 

mm 

-  2300.  10  kg 

g/10  min 

50 

Bp.  ■: 

17 

55 

52 

38 

22 

-  2300.  5  kg 

g/10  min 

18 

n 

HD 

6 

20 

19 

16 

5 

-  2300.  it  6  kg 

g/10  min 

6 

i 

B 

1 

6 

5 

* 

“ 

MECHANICAL  PROPERTIES 

Tensile: 

Tensile  stress  at  yield.  5  mm/min 

ASTM0  638 

MPa 

57 

54 

51 

50 

53 

93 

49 

31 

Ultimate  tensile  strength,  5  mm/min 

ASTMD638 

MPa 

50 

46 

43 

43 

46 

93 

47 

25 

Elongation  at  break,  5  mm/min 

ASTM  0  638 

% 

12 

80 

100 

9 

70 

1 

6 

430 

Modulus  at  1  mm/min 

ASTM  0  638 

MPa 

2600 

2400 

2100 

3800 

2300 

6000 

4200 

1000 

Flexion: 

Maximum  load 

ASTM  0  790 

MPa 

94 

74 

70 

89 

78 

170" 

81 

49 

Modulus 

ASTM  0  790 

MPa 

2500 

2300 

2000 

4500 

2200 

6000^ 

4700 

1000 

Compression: 

Max.  strength  at  1  mm/min 

ASTM  0  695 

MPa 

85 

80 

75 

90 

80 

96 

49 

Modulus  at  1  mm/min 

ASTM  0  6% 

MPa 

2900 

2400 

2100 

3800 

2300 

6000 

* 

- 

Shore  0  Hardness 

- 

- 

79 

77 

77 

82 

78 

82 

81 

72 

Tensifc  impact  strength 

DIN  53448 

-  on  pressed  sheets 

kJ/m* 

300 

400 

400 

150 

300 

270 

* 

570 

-  on  injected  sheets 

kj/m* 

600 

600 

600 

• 

* 

• 

147 

700 

Abrasion  resistance 

TABER  CS  10 

mg. 

5- 

10 

18 

10 

(load  1  kg) 

(1 000  cycle)'1 

•«*  m 

Friction  coefficient 

ASTM  0  1894 

M 

-  static 

0.45 

0.45 

0.45 

033 

030 

033 

033 

-  dynamic 

034 

034 

034 

033 

0.15 

033 

m 

031 

THERMAL  PROPERTIES 

Vicat  point  (5  kg) 

ASTM  0  1525 

X 

147 

142 

140 

151 

147 

167 

157 

96 

(Deflection  temperature 

ASTMD  648 

underload 

(IS  MPa) 

X 

115 

113 

105 

129 

117 

134 

• 

54 

Glass  transition  point 

ASTM  0  2236 

X 

-40 

-35 

-40 

-35 

- 

-35 

Crystalline  melting  point 

X 

177 

177 

174 

176 

177 

162 

Linear  tbermal  expansion 
coefficient 

ASTM  0  696 

1C’ 

m 

128x10® 

143x1  O'® 

36x1  O'6 

1 06x10® 

36x10® 

• 

120X10® 

Thermal  conductance 
(20-1  SOX) 

ASTM  C  177 

Win'1  DC1 

0.19 

033 

0.19 

032 

0.17 

Specific  heat  (between  0  and  100*0 

JJrg'jC' 

960 

- 

• 

- 

* 

960 

Crystalline  fusion  heat 

calorimetry 

kJJtg'1 

71 

66 

63 

54 

60 

57 

- 

38 

ELECTRICAL  PROPERTIES 

■ 

Volume  resistivity 

ASTM  0  257 

n  .cm 

5x1 0U 

RIM 

IxlO14 

2x1013 

16x10'4 

6x10'4 

Surface  resetmty 

OIN  53483 

n 

>1013 

>1013 

2x1012 

iSxtO14 

5x1014 

Moulding  shrinkage 

% 

2-3 

_lI 

2-3 

D 

1 

2 

V  •CareoniMf 
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SOLEF*  FVDF 


CABLES  OF  CHEMICAL  RESISTANCE 
SOLEF  PVDF  is  remarkably  resistant  to  most  inorganic  acids 
ind  bases,  aliphatic  and  aromatic  hydrocarbons,  organic  adds, 
rioohoU,  and  halogenated  solvents,  it  is  also  resistant  to  the 
tialogens  (chlorine,  bromine,  and  iodine,  but  not  to  fluorine). 

It  b  degraded  by  fuming  sulphuric  add  (oleum),  some 
(trongly  basic  amines,  concentrated  alkalis,  and  alkali  metals. 
It  swells  slightly  in  strongly  polar  solvents  such  as  acetone 
ind  ethyl  acetate,  and  is  soluble  with  difficulty  in  aptotic 
polar  solvents  such  as  dimethyiformamide. 
tfimethyisulphoxide,  tetramethylurea  or 
besunethyiphosphotriamide. 

The  following  tables  give  an  indication  of  the  chemical 
resistance  of  SOLEF  PVDF  grades  1008, 1010.  1012.  and  5008. 
lire  chemical  substances  are  listed  according  to  the  rules  of 
the  "Handbook  of  Chemistry  and  Physics”  published  by  The 
Chemical  Rubber  Company.  59th  edition,  lire  solutions  are 
aqueous,  unless  otherwise  indicated.  The  “%"  sign  indicates 
“g  of  solute  per  lOOg  solution".  The  term  "sat”  indicates  a 
concentration  such  that  the  solution  is  saturated  at  25 °C 

The  tables  are  divided  into  two  parts.  The  left-hand  side  gives 
the  chemical  resistance  of  solid  SOLEF  PVDF.  as  it  is  used  for 
tubes,  fittings,  linings,  pumps,  etc  The  right-hand  side  refers 
solely  to  powder  coatings  applied  by  electrostatic  spraying  or 
by  fluidized  bed. 

In  order  to  determine  the  chemical  resistance  of  solid  SOLEF 
PVDF.  stress  free  test  pieces  (2  mm  thick)  were  completely 
immersed  for  30  days  in  each  medium.  After  drying  the 
surface,  they  were  measured,  weighed  and  subjected  to  a 

fSSCiUC 

The  assessments  about  solid  SOLEF  PVDF  do  not  take  into 
account  possible  diffusion  of  a  substance  through  the  material. 
In  addition,  resistance  of  pipe  made  of  SOLEF  PVDF  to 
pressure  has  been  evaluated  as  a  function  of  time  and 
temperature,  in  the  presence  of  numerous  chemicals.  An 
asterisk  (*)  shows  which  compounds  listed  in  the  tables  have 
bear  tested  in  this  way. 

For  powder  coatings  (right  hand  column),  carbon  steel  plates 
coated  by  electrostatic  spraying  (average  thickness  of  the 
coating  400  microns  —.016*)  were  immersed  in  each  medium 
for  30  days.  After  drying,  the  plates  were  weighed  and  their 
appearance  examined.  The  porosity  of  the  coating  was  then 
tested  using  an  electric  spark  technique  The  adherence  of  the 
coating  was  checked  using  a  test  developed  by  the  SOLVAY 
Laboratory.  The  assessments  about  powder  coatings  take  into 
account  passible  diffusion  of  a  substance  through  the  PVDF... 

SIGNS  USED  AND  EVALUATION  CRITERIA 

SOLID  SOLEF  PVDF  (thickness  2 1  mm) 

♦  :  SOLEF  PVDF  is  resistant  - 

1)  Its  dimensions  change  by  not  more  that  1.25% 

2)  Its  weight  changes  by  not  more  than  2% 

3)  Its  tensile  yield  strength  does  not  change 
by  more  than  15% 


o  :  Use  of  SOLEF  PVDF  is  limited  • 

The  response  to  at  least  one  of  the  three  criteria  above 
was  negative.  For  instance  the  weight  changes  between 
2%  and  5%.  However,  SOLEF  PVDF  can  be  used  in 
the  medium,  provided  that  it  is  not  subjected  to  undue 
stress  (eg.  for  linings,  reinforced  parts,  etc),  in  this 
case  it  is  recommended  to  obtain  advice  from  SOITEX. 

—  :  SOLEF  PVDF  is  not  resistant  - 

There  is  considerable  deterioration  of  the  material:, 
dissolution,  chemical  or  physical  attack,  permeability, 
etc.  For  instance  the  weight  changes  by  more  than 
5%. 

B.P.:  Boiling  point  of  the  medium  concerned 

SOLEF  PVDF  POWDER  COATINGS  (thickness  <1  mm) 

+  :  The  SOLEF  PVDF  orating  is  resistant- 

No  visible  change  in  either  the  color  or  permeability  of 
the  coating  after  at  least  30  days  continuous  treatment 
in  the  medium  concerned.  The  weight  variation  of  the 
coating  is  less  than  2%. 

o  :  Use  of  SOLEF  PVDF  coating  is  limited  • 

Coating  usable  with  certain  restrictions  due,  for 
example,  to  a  change  in  color  without  loss  of 
properties,  or  to  slight  swelling  in  a  solvent.  The 
increase  in  weight  lies  between  2%  and  5%. 

—  :  The  SOLEF  PVDF  coating  is  not  resistant - 

Coating  unusable  due  to  various  causes  which  arise 
either  indivfduaify  or  simultaneously,  for  example 

-  Chemical  attack 

•  Detachment  of  the  coating 

•  Change  in  color  of  the  base  coat 
-Permeability 

-  Dissolution  of  the  coating 

-  Increase  in  weight  of  more  than  5%. 

POINTS  TO  BE  NOTED 

In  the  case  of  SOLEF  PVDF  used  for  coating  metal  surfaces, 
either  as  lining  or  by  powder  application,  there  is  a  risk  of 
water  diffusing  through  the  coating,  which  increases  with 
increasing  temperature  and  decreasing  thickness  of  the 
coating.  This  phenomenon  is  encountered  only  in  the  case  of 
dilute  solutions  at  temperatures  above  70°G  For  these 
applications,  it  is  advisable  to  contact  SOITEX  for  further 
information. 

In  the  case  of  finished  articles  made  of  Solid  SOLEF  PVDF,  - 
external  or  internal  stress  may  make  the  material  less 
resistant  to  certain  media  as  the  result  of  a  phenomenon 
which  is  referred  to  as  "stress  cracking”,  which  is  well  known 


with  other  polymers. 

INDEX 

1- inoiguic  Media . page  2 

2 - Organic  Media . page  5 

3  •  Miscellaneous  Media . page  10 
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Inorganic  Media 


hydw»9uortd» 


AINH^SOJ.-ttHjO 

AICU*4HfO 

A F. 

MfOHh 

Ai(NOJ>*9HiO 

AMKWKiSa^aiHrf) 

90% 

ML 

90% 

90% 

90% 

NH, 

AMH^S0Ja*12H|0 

(NHJrfO, 

NHO 

NHF*HF 

N1U0H 

NH*NOj 

(NKt)>PO«»3HjO 

(NHJkSOU 

(NHJfS 

Sbdt 
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90% 

90% 

30% 

90% 

90% 

90% 

20% 

90% 

100% 

BaCV*2HtO 

B«<OHU*»UO 

a 

HiBOj 

ML  1 

w. 

Br, 

1004k 

2% 
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CmO, 
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C«NO*MHrf> 
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CO. 

cs. 
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100% 

cu 

moM 

CO. 

HCO. 

10% 
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■ 
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30% 

40% 
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Inorganic  Media 


Inorganic  Media 
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APPENDIX  F 


PROPERTIES  OF  PLASTICS 

Extracted  from  Perry's  Chemical  Engineer 'a  Handbook. 
sixth  Edition,  Don  W.  Green,  Editor,  (c)  1984  by 
McGraw-Hill,  Inc.,  pp  23-48  to  23-57. 


Table  F— l.  Chemical  Resistance  of  important  Plasties 


Poly-  ~ 

propylene 

etSjyiene 

CAB* 

ABSt 

PVCt 

Senaf 

Poiyeetar 

tleeal 

Epoxy 

glaaa 

Pheaolio 

Fluoro¬ 

carbon 

Chlorinated 

polyether 

(Poston) 

10%  HaS0« . 

Exeel. 

Good 

Excel. 

Excd. 

Excd. 

Excel 

Excel 

Excel 

Excd. 

Excd. 

50*  H»S0*  . 

Excel. 

Poor 

EmI 

Excd. 

Excd. 

Good 

Exod. 

Excd. 

Exod. 

Exod. 

10%  HC1 . 

Excel. 

End. 

Excel. 

Excd. 

Excd. 

Excd. 

Excel 

Excd. 

Excd. 

Exod. 

10%  HN0«  . 

Excd. 

Poor 

Good 

Excd. 

RtmI. 

Good 

Good 

Fair 

Excd. 

Excd. 

10%  Acetic . 

Exeat. 

Good 

Excel. 

Excd. 

great. 

End. 

Excel 

Exod. 

Exod. 

Exod. 

10«  NaOH . 

Excel. 

Fair 

Excd. 

Good 

Fair 

Fair 

Excd. 

Poor 

Excd. 

Exod. 

LiF  tj : 

Excel. 

Poor 

Excel. 

Excel 

Fair 

Pbor 

Good 

Poor 

Excel 

great. 

NHiOH . 

Excel. 

Poor 

Excd. 

Excd. 

Poor 

Fair 

frad. 

Poor 

Excd. 

Exod. 

NaCI . 

ExoeL 

Brad 

Excd. 

Excd. 

Excd. 

Excd. 

Excel 

Exod. 

great. 

Exod. 

Fad. . 

KmiI 

Excel 

Excd. 

Excd. 

Excel 

Excel 

Excel 

great 

Erasl 

Excel 

Excel. 

Excel. 

Excd. 

Excd. 

Excel 

Excd. 

Excel 

Excel 

Excd. 

Excd. 

NHrNOe . 

Excel. 

Excel. 

Excel 

Excd. 

Excd. 

Excd. 

Excd. 

Good 

Exod. 

great. 

Wat  HsS . 

Fezeri. 

Excel. 

Excd. 

Excd. 

Excel 

Excel 

Excd. 

Excd. 

Exes]. 

Wat  Cb . 

Poor 

Poor 

Eras|T 

Good 

Poor 

Poor 

Poor 

Excel 

Excd. 

Wat  80. . 

Ezoai. 

Poor 

Excel 

Excd. 

Good 

Excd 

Eyaal. 

Excd. 

Excd. 

Geooiuso . 

Poor 

Excel. 

Excd. 

Excd. 

Excel 

Excel 

Excel 

Excel 

Excd. 

End. 

Poor 

Poor 

Poor 

Poor 

Fair 

Good 

Excd. 

Excd. 

Fair 

ecu. . 

Poor 

Poor 

Poor 

Fair 

Fair 

Excd. 

Good 

Excd. 

Excd. 

Fair 

Aeatooa . 

Poor 

Poor 

Poor 

Poor 

Fair 

Poor 

Good 

Poor 

Exod. 

Good 

Alcohol . 

Poor 

Poor 

Excd. 

Excd. 

Excd. 

Excd. 

Excd. 

Excd. 

Excd. 

Excd. 

note:  Ratings  are  for  long-term  exposures  at  ambient  temperatures  [less  than  38° C  (100°F)J. 

'Cellulose  acetate  butyrate, 
f  Acrylonitrile  butadiene  styrene  polymer, 
t  Polyvinyl  chloride,  type  I. 

{Chemical  resistance  of  Saran-lined  pipe  is  superior  to  extruded  Saran  in  some  environments. 

1  Refers  to  general-purpose  polyesters.  Special  polyesters  have  superior  resistance,  particularly  in  alkalies. 
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Tab la  P-2 .  Typical  Proparty  Ranges  for  Plastics 
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APPENDIX  6 

Extract  from  Marine  corrosion i  Causes  and  Prevention 
(o)  J.  Wiley  and  Sons,  New  York,  1975,  pp.  302-305. 
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Table  o.  Properties  of  Coatings  for  Atmospheric  Service 


APPENDIX  H 

Approximate  Container  Costs  for  Selected 
Container  Materials 
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